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ABSTRACT 
 Although many studies have looked into the relationship between home food 
availability and dietary intake, few have assessed actual change in the home food 
environment as a result of an intervention program. This secondary data analysis of 
the Athletes for Life 3 (AFL3) program investigated the efficacy of a randomized 
controlled 12-week community-based, family-focused exercise and dietary behavior 
intervention program in improving the home food environment of families with 
children between the ages of 6 and 11 years old. A total of twenty-six adults from 
Phoenix, Arizona allowed research staff into their homes to assess variety of food 
availability, using a modified version of the Home Food Inventory and were 
randomized to either the AFL3 program or wait-list control group. The main 
outcomes of interest were change in availability of vegetables, fruits, sugar-
sweetened beverages and desserts and WIC-approved breakfast cereal. There was a 
significant increase in the number of vegetable items (3.88 ± 0.85; p=0.006) and 
WIC-approved cereal items (1.16 ± 0.31; p=0.003) in the homes of the intervention 
participants, relative to the wait-list control group. Additionally, there was a 
significant decrease in the number of sugar-sweetened beverage items (1.18 ± 0.31; 
p=0.014) available in wait-list control participant homes. There were no other 
significant findings related to home food availability. Furthermore, dietary intake 
among adult participants did not significantly change as a result of change in home 
availability. In conclusion, the AFL3 intervention program was successful in 
eliciting small but significant changes at a household level related to vegetable and 
WIC-approved breakfast cereal availability. 
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Chronic diseases including cardiovascular disease, cancer, chronic respiratory 
conditions and diabetes mellitus account for about 70% of deaths (more than 1.7 
million) in the United States each year.1,2 Prevalence of these diseases increases 
each year along with the number of individuals with multiple chronic conditions 
despite research indicating a reduction in chronic disease risk through regular 
physical activity and improved diet.2-4 Obesity has been found to be a predictor of 
multiple chronic conditions, with the likelihood of reporting two or more chronic 
conditions occurring more than twice as often in obese versus non-obese 
populations.5 Higher prevalence of obesity has been reported in Non-Hispanic black 
women and Mexican-American women (49.6% and 45.1%, respectively) compared to 
non-Hispanic white women (33.0%) in the United States.6,7 Additionally, 16.9% of 
youth were reported to be obese with lower rates in non-Hispanic Asian youth (8.6%) 
and non-Hispanic white youth (14.1%) than non-Hispanic black (20.2%) and 
Hispanic youth (22.4%), suggesting populations in need of immediate action.7 In 
order to begin reducing the prevalence of these diseases and risk of mortality, an 
effective and lifelong behavior change approach focusing on chronic disease and 
obesity prevention needs to be adopted by the general populace. 
Further supporting the need for a behavioral approach to address chronic 
disease risk, studies suggest a decrease in risk related to following an adequate diet. 
Researchers have found that individuals who consume high-fiber diets have 
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decreased risk of developing coronary heart disease, stroke, hypertension, diabetes 
and some gastrointestinal diseases.8 At the time of the study, dietary fiber 
recommendations were 14 grams per 1000 kcals consumed and average intake 
among adults and children in the U.S. was less than half of this recommendation.8 
Whole grains, including wheat, rice, maize, oats, rye, barley, sorghum and millet are 
another important food group that provide health benefits such as reduced risk of 
coronary heart disease, diabetes mellitus, certain cancers, obesity and other chronic 
diseases.9 The American Heart Association also recommends increasing omega-3 
fatty acid consumption by eating fish or taking eicosapentaenoic acid + 
docosahexaenoic acid (EPA + DHA) supplements due to documented long-term 
benefits related to cardiovascular disease risk.10 Additionally, increased fruit and 
vegetable consumption has been associated with lower risk for conditions such as 
hypertension, coronary heart disease and stroke as well as possible prevention in 
weight gain.11 Self-reported consumption of fruit and vegetables among adults and 
adolescents indicates significantly inadequate intake within both population groups 
with a 1.1 fruit and 1.6 vegetable daily median intake in adults and 1.0 fruit and 1.3 
vegetable daily median intake in adolescents.12,13  
The Social Ecological Model for behavior change suggests that there are 
different levels of influence that impact the environment of the individual and that 
environment plays a key role in health behaviors.14 Research suggests that exposure 
to various food environments and food availability plays a direct role in dietary 
behavior and that healthful environments can significantly increase intake of fresh 
fruits and vegetables.15-17 Thus, it is possible that modification of food availability in 
  3 
an individual’s direct environment could result in a favorable influence on dietary 
intake due to the availability of healthy foods.  
Previous community-based intervention programs focusing on improving the 
home food environment (HFE) have demonstrated that interventions aimed at adult 
and child populations can improve the HFE and subsequent dietary choices with 
increased consumption of fruits and vegetables and a decrease in sugar-sweetened 
beverage intake.18-20 These multi-level family intervention programs that 
incorporate meal preparation as a group within a community setting, hands-on 
learning activities and group discussions were well received by participating families 
and some trends toward improvement in the HFE were reported.21-24  
The Home Food Inventory (HFI), developed by Fulkerson and colleagues25 
has been validated as a tool to assess kitchen availability and variety of specific 
foods and food groups within the home. This validated tool provides a comprehensive 
range of foods which include healthful and unhealthful options25 and researchers 
have modified this tool for specific populations based on cultural foods and 
socioeconomic status.26 Such a tool is needed to assess change in HFE as a result of a 
family-focused intervention program in order to determine the resulting effect on the 
behaviorally influential home environment of the participant. 
Although previous research has demonstrated that community-based diet 
and exercise intervention programs can influence the HFE, many rely on self-
reported dietary information to evaluate change and overall success of the 
program.19,20,27 Additionally, there is a lack of information regarding variety of 
specific items and limited scope of food groups measured. Preliminary work from a 
proof of concept pilot program in our laboratory suggested increased home variety of 
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fruit and Women Infants and Children (WIC)-approved breakfast cereals and 
decreased home variety of sugar-sweetened beverages, prepared desserts and candy 
following a 10-week community-based nutrition and physical activity intervention 
program (unpublished observations).28 Up to this point, there has yet to be a 
randomized controlled trial that evaluates change in availability and variety of 
fruits, vegetables and sugar-sweetened foods and beverages in the HFE, and is 
conducted by research staff using a HFI tool following a community-based nutrition 
intervention program. It is important to determine efficacy of the program in order 
to make modifications to elicit further improvements in dietary behavior to promote 
overall participant health. Utilizing a modified version of the HFI in randomized 
controlled trials, we can expect an accurate depiction of change within the HFE to 
evaluate a program’s efficacy in modifying the availability of foods in participant 
homes. 
 
Purpose of the Study 
This study was a secondary data analysis stemming from the Athletes for 
Life 3 (AFL3) program, a randomized controlled trial assessing the effects of a 12-
week community-based, family-focused intervention on dietary and physical activity 
behaviors among healthy families residing in South Phoenix neighborhoods of 
Phoenix, Arizona. The purpose of this analysis was to assess the efficacy of AFL3 in 
improving the HFE. Based on previous research,28 we hypothesized an increase in 
variety of fresh fruits and vegetables and a decrease in sugar-laden cereals, foods 
and beverages in the immediate intervention participant homes.  
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Research Aims and Hypotheses 
Study Aim 1: To assess a change in the home food environment of South Phoenix 
families with children between the ages of 6 and 11 years, following a 12-week 
community-based nutrition intervention program using a randomized controlled 
trial. 
Research question: Does a 12-week community nutrition intervention program 
improve the home food environment related to fruits, vegetables and sugar-
sweetened foods and beverages of intervention participants compared to a wait-list 
control group? 
 H1: Participants in the Athletes for Life 12-week nutrition intervention 
program will have an increase in variety of fruits and vegetables in the home 
relative to participants in the wait-list control group. 
 H2: Participants in the Athletes for Life 12-week nutrition intervention 
program will have less variety of sugar-sweetened beverages and desserts in the 
home relative to participants in the wait-list control group. 
 H3: Participants in the Athletes for Life 12-week nutrition intervention 
program will have a decrease in variety of non- Women Infants and Children (WIC)-
approved cereals in the home relative to participants in the wait-list control group. 
 
Study Aim 2: To assess the relationship between change in the home food 
environment and intake of fruits, vegetables and sugar-laden foods and beverages of 
South Phoenix adults following a 12-week community-based nutrition intervention 
program using a randomized controlled trial. 
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Research question: Does change in the home food environment relate to increased 
consumption of fruits and vegetables and decreased consumption of sugar-laden 
foods and beverages in program adults? 
Exploratory hypothesis: Changes in the home food environment will be 
related to improved dietary behavior (increased fruit and vegetable consumption, 
decreased sugar-laden foods and beverages) among Athletes for Life adult 
participants. 
 
Definition of Terms 
Home Food Environment: foods that are available within the home setting 
Food Availability: presence or absence of specific foods within the home 
Food Accessibility: foods that are readily available in the kitchen and refrigerator 
and are easily accessible without having to move anything out of the way 
WIC-approved sugar requirements for dry cereal: no more than 6 grams of sucrose 
and other sugars per 1 dry ounce of cereal29 
Non-Communicable Diseases: chronic diseases that cannot be passed between 
individuals 
Randomized Controlled Trial (RCT): a study design that randomly divides 
participants into treatment or control groups in order to test whether the 
implemented intervention is successful 
Overweight: BMI between 25 and 29.9 kg/m2 
Obese: BMI > 30 kg/m2 
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CHAPTER 2 
REVIEW OF LITERATURE 
 
The purpose of this literature review is to discuss dietary intake as a contributor to 
chronic disease risk, the role of the HFE in improving dietary quality which is an 
area of increasing health concern, possible methods to improve the HFE and tools to 
measure these changes which may help evaluate efficacy of intervention programs 
attempting to elicit change in dietary behaviors. 
 
Introduction 
The most recent preliminary data released from the Center for Disease 
Control (CDC) indicate that preventable, chronic conditions such as heart disease 
and diabetes mellitus remain among the top ten leading causes of death in the 
United States (U.S.).30 Some of the associated risk factors for these chronic 
conditions include physical inactivity, low fruit and vegetable intake, diets high in 
saturated fats and sodium, hypertension, hyperlipidemia, elevated Body Mass Index 
(BMI), tobacco use, cancer-associated infections and harmful alcohol use.2,31,32 The 
socio-ecological model of health and social cognitive theory suggest that the 
environment plays a major role in health behaviors that could mitigate some of 
these harmful factors.33,34 Intervention strategies aimed at modifying behaviors by 
increasing physical activity and improving dietary quality have demonstrated 
successful approaches to change, especially in community settings.35,36 Strategies 
focused on improving the environment of individuals who are most at risk for 
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Non-communicable diseases and degenerative diseases,31 also referred to as 
chronic conditions, contribute to about 36 million deaths worldwide each year which 
accounts for over 63% of total deaths.2 In the U.S. alone, this cause of mortality is 
even more prevalent with 70% (1.7 million) of deaths attributed to chronic diseases.1 
Chronic diseases are long term conditions which can be controlled, do not resolve 
themselves without intervention and are not always curable.1 Examples of chronic 
disease include heart disease, stroke, cancer, diabetes, obesity and arthritis.1 
An analysis from the National Health Interview Survey in 2010 estimated 
that approximately half (50.9%) of non-institutionalized, civilian adults living in the 
U.S. had at least one chronic condition and that 26% exhibited two or more.37 An 
updated 2012 report indicated that more than half of the individuals who reported 
having at least 1 chronic condition had 2, 3 or more conditions, also referred to as 
multiple chronic conditions (MCC).4 Age appears to have a positive correlation with 
the presence of MCCs, with the highest prevalence in adults ages 65 and older.37 
Furthermore, each additional chronic condition (including heart disease, cancer, 
chronic obstructive pulmonary disorder, stroke and Alzheimer’s disease) negatively 
affects life expectancy by 1.8 years per condition.3 Due to the high prevalence of 
chronic conditions in the U.S. and their harmful effect on life expectancy, healthcare 
costs and quality of life, it is of interest to further investigate methods of preventing 
these conditions in order to decrease long-term health consequences. 
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Preventable Chronic Conditions 
High rates of chronic disease in the U.S have been attributed to three key 
factors: (1) social and environmental stimuli that lead to unhealthy lifestyle choices; 
(2) increasing life expectancy which contributes to a greater number of Americans 
living with MCC; and (3) an increasing prevalence of risk factors such as poor 
lifestyle habits.38 The World Health Organization reports that the highest mortality 
rates attributed to non-communicable diseases were due to cardiovascular disease, 
diabetes, cancer and chronic respiratory diseases.2 Moreover, tobacco use, physical 
inactivity, unhealthful diets and excessive alcohol use are the main behavioral risk 
factors for these non-communicable diseases.2 For the purposes of this paper, 
cardiovascular disease, diabetes mellitus and elevated BMI (a potential precursor to 




As the leading cause of mortality in the U.S.,30 heart disease accounts for 
almost one of every three reported deaths.39 Rates of inpatient operations and 
procedures have increased in the U.S. by 28% between 2000 and 2010 and the total 
health expenditure and lost productivity cost of cardiovascular disease and stroke is 
approximately $315.4 billion which exceeds the costs associated with cancer by an 
estimated $113.9 billion.39 Some of the ongoing contributors to these heart-related 
conditions include high blood cholesterol (> 240 mg/dL), hypertension (systolic blood 
pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg), diabetes mellitus or 
glucose intolerance and elevated BMI.39,40  
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Individuals from ethnic minorities have been reported to be 
disproportionately affected by cardiovascular diseases. Non-Hispanic Black women 
were found to be at greater risk for hypertension (35%) compared to non-Hispanic 
White (22%) or Hispanic women (22%).41 With regard to hypertension in men, Non-
Hispanic Black men had the highest risk (30%) followed by non-Hispanic White men 
(25%) and Hispanic males (19%).41 Additionally, for any form of heart disease, 
poverty was inversely associated and non-Hispanic White men had the highest 
prevalence across all ethnic groups.41 Cardiovascular disease can be prevented by 
improving diet and increasing physical activity which will help moderate some of 
these unfavorable contributors (hypertension, elevated BMI, high 
cholesterol).12,40,42,43 Due to the significant financial burden and detrimental effects 
from this chronic condition, more emphasis on healthy lifestyle choices is being 
promoted in younger populations for early prevention.42 
 
Diabetes Mellitus 
Diabetes Mellitus is a common chronic disease in the U.S., diagnosed in 
nearly one out of every ten adults (8.3%) in 2010,39,44 which increased in prevalence 
to 9.3% in 2012.45 In addition to these 21 million diagnosed cases, it was estimated 
that 8.1 million adults in the U.S. had undiagnosed diabetes45 and 38.2% had 
abnormal fasting glucose or high hemoglobin A1C levels which indicates a 
prediabetic condition.39,45 The prevalence of diabetes is increasing dramatically and 
is estimated to affect closer to one in every three to five Americans by the year 
2050.44 This significant increase is attributed to changing demographics of the U.S. 
population which includes greater life expectancy, growing populations of minority 
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groups who are at increased risk for developing diabetes and decreased mortality 
rates among individuals living with diabetes.44 
The estimated direct and indirect costs associated with diabetes in the U.S. 
are approximately $245 billion.45 Individuals at greatest risk for developing type 2 
diabetes include adults, those with a family history of diabetes, women who 
experienced gestational diabetes during pregnancy, individuals who are physically 
inactive or experiencing impaired glucose metabolism and ethnic minority groups 
including Blacks, Hispanics/Latinos, American Indians, Asians and Pacific 
Islanders.41,45 In addition to a larger proportion of minority groups making up the 
U.S. population, the rising rates of diabetic prevalence in the U.S. is also associated 
with increasing rates of overweight and obesity in addition to a combination of 
insufficient physical activity and poor eating habits.2,44,45 
 
Overweight/Obesity 
Overweight status in adults is defined as having a BMI greater than or equal 
to 25.0 kg/m2 and obesity includes any BMI equal to or greater than 30.0 kg/m2.2,37 
Approximately 62% of Americans are considered to be overweight and 26% of those 
are obese by BMI definition.2 In 2010, this was representative of approximately 
154.7 million people in adults ages 20 and older.37 Rates of overweight (BMI > 85th 
percentile) and obesity (BMI > 95th percentile) in children have increased over the 
past 14 years and data suggests that 32.2% of American children from 2 to 19 years 
of age are overweight while 17.3% are considered obese.46 Although men and women 
from all ethnic backgrounds are affected by overweight and obesity, rates have been 
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reported to be highest in ethnic minorities including non-Hispanic Blacks and 
Mexican Americans, especially women.47 
Health costs associated with obesity are estimated to be around $147 billion 
each year48 and if increasing trends continue, these costs are projected to be between 
$860.7 and $956.9 billion per year by 2030.49 The World Health Organization states 
that as BMI increases, so do rates of heart disease, stroke and diabetes.2 Preventing 
further increases in BMI and working towards a modest reduction in BMI could be 
an effective strategy to decreasing risk of developing chronic conditions or MCC.32 
 
Behavioral Risk Factors  
As mentioned previously, some of the associated risk factors for these 
preventable chronic conditions (cardiovascular disease, diabetes and 
overweight/obesity) include lack of physical activity, inadequate nutrient intake 
from fruits and vegetables, high intake of saturated fats, added sugars and sodium, 
hypertension, dyslipidemia, elevated BMI (in the case of CVD and diabetes), use of 
tobacco and excessive intake of alcohol.2,31,32,50,51 The overlapping nature of chronic 
conditions allows for significant improvement by modifying just a few behaviors to 
improve multiple conditions. For instance, through increased physical activity and 
improved diet, it is possible to see a reduction in BMI, blood pressure and circulating 
lipid concentrations which decrease risk and help improve conditions associated 
with both cardiovascular disease and diabetes.44 For the purposes of this review, 
dietary behavior will be the main focus of a modifiable risk factor to decrease chronic 
disease risk. 
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Dietary Recommendations and Current Intake Data 
Dietary Recommendations 
 The most recent Dietary Guidelines for Americans52 recommends 
maintaining a healthy weight by achieving calorie balance through diet and physical 
activity and focusing on consuming foods and drinks that are high in nutritious 
value by limiting sodium, solid fats, refined grains and added sugars.52 More 
specifically, no more than 2,300 mg of sodium (1,500 mg for ages 51 and older, 
African Americans or those with hypertension, diabetes or kidney disease) and 300 
mg of cholesterol should be consumed per day.52 Additionally, energy from saturated 
fats should account for less than 10% of daily caloric intake and additional fat intake 
should be provided by mono- and polyunsaturated fats; trans fats and energy intake 
from solid fats and sugars should be minimized, refined grains (especially those with 
solid fats, added sugars and sodium) should be limited and alcohol should be 
consumed in moderation (one drink per day for women and two per day for men).52  
 Fruit and vegetable recommendations emphasize higher overall consumption 
with an emphasis on increased variety of beans, peas and dark green, red and 
orange varieties of vegetables.52 Additionally, whole grains should make up at least 
half of all grain consumption and fat-free or low-fat milk products should be 
increased.52 Proteins high in solid fats should be replaced with leaner options such 
as seafood, lean poultry and meat, eggs, beans, soy products and unsalted nut and 
seed varieties and oils can be used to replace solid fats.52 Lastly, it is recommended 
to increase dietary intake of potassium, dietary fiber, calcium and vitamin D 
through the consumption of nutrient-dense foods like vegetables, fruits, whole grains 
and milk products.52  
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Current Dietary Intake Data 
Despite current recommendations, studies have shown that fruit and 
vegetable intake among Americans is low.12,13,53 It is estimated that 37.7% of adults 
and 36% of adolescents consume fruit less than once per day, with the mean daily 
intake of 1.1 and 1.0 times per day, respectively.13,53 Similarly, 22.6% of adults and 
37.7% of adolescents consume vegetables less than once per day, with the mean 
daily intake of 1.6 and 1.3 times per day, respectively.13,53 Further research suggests 
that in 2006 only 40% of Americans met the 1991 National Cancer Institute’s  
recommendation of consuming 5 or more servings of fruits and vegetables a day.53,12 
Of the vegetables that were being eaten, starchy vegetables such as potatoes, corn, 
green peas and lima beans were being consumed too frequently in most age groups 
with an average consumption of 1.2 ± 0.1 servings per day compared to the 
recommendation average of 0.9 servings per day, depending on age group (range 
from 0.4 to 1.7).12 In addition, dark green vegetables (broccoli, parsley, romaine, 
spinach and mustard, collard and turnip greens), orange vegetables (carrots, 
pumpkin, sweet potatoes and winter squash) and legumes (cooked dried peas and 
beans, lentils, lima beans and soybeans) were only meeting less than one third of the 
recommended consumption (average consumption of 0.2 ± 0.0 servings per day in all 
categories).12 These statistics demonstrate the poor dietary adherence related to 
fruit and vegetable recommendations. 
Added sugars (sugars and syrups added to foods during processing, 
preparation or at the table) are found in foods such as soft drinks, fruit drinks, 
desserts, jellies, candy and ready-to-eat cereals and are another area of concern 
addressed in the Dietary Recommendations for Americans.52,54 Estimated mean 
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intake of added sugars from the 2001 to 2004 National Health and Nutrition 
Examination Survey (NHANES) for all age groups was 22.2 teaspoons per day, with 
highest consumption reported in children ages 14 to 18 years, who consumed an 
average of 34.3 teaspoons per day.54 The primary source of added sugars in the U.S. 
is sugar-sweetened beverages, including soft drinks, fruit drinks, energy drinks and 
sports drinks and high consumption of sugar-sweetened beverages can lead to higher 
body weight in children, adolescents and adults as well as increased incidence of 
diabetes and cardiovascular disease.50,51,54 Consumption of sugar-sweetened 
beverages has increased substantially over the past 30 years, tripling from 3.9% of 
total daily caloric intake in 1970 to 9.2% in 2001, despite recommendations of 
limiting added sugars, including grain-based desserts, sodas and other sugar-
sweetened beverages.51,52 Again, this demonstrates that dietary recommendations 
are not being met by many Americans. 
In order to improve dietary intake to adhere more closely to 
recommendations, behavior change of an individual must take place. The levels of 
influence on an individual, including physical environment, community and social 
support play major roles in an individual’s ability to make health behavior changes 
and these levels must be addressed throughout the behavioral change process.14 
 
Social Ecological Model of Behavior Change 
Ecological models of change suggest a reciprocal influence of the environment 
on an individual’s health behaviors and the individual’s influence on their 
environment which subsequently influences their behavior.14,33 Improving health 
behaviors such as increasing physical activity and making changes to dietary habits 
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(increasing consumption of fruits, vegetables and low-fat dairy while decreasing 
intake of saturated and total fat) have helped significantly improve health by 
decreasing risks related to cardiovascular disease and diabetes.44,55,56  The Social 
Ecological Model (SEM) suggests that an individual is influenced on an 
intrapersonal, interpersonal, community, organizational and societal level and that 
in order to suggest and successfully implement change, this multifactorial 
environment must be addressed.14 
 
Levels of Factors Affecting Behavior 
Individual  
The individual level encompasses characteristics of the individual such as 
knowledge, attitudes and skills that could influence their behavior and ability to 
make changes.34 Related to overcoming barriers to improving physical activity and 
eating habits, this can also include an individual’s expectations of change, self-
control and self-efficacy in skills related to physical activity and purchasing, 
preparing and consuming a healthful diet.57,58 
 
Interpersonal  
 The interpersonal level includes family members, friends and social networks 
that provide support, impact beliefs and practices of an individual and influence 
perception of what may be deemed as appropriate behaviors.34,57 Dietary behaviors 
of friends and family members can also be very influential in an individual’s own 
decision to make more healthful decisions through modeling and/or encouragement 
of healthy eating behavior.58  
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Organizational 
The organizational level is comprised of schools, community centers, city 
facilities, stores, churches and other areas where there are rules, policies or 
structures that promote behavior.34 Availability, quality and affordability of fruits, 
vegetables and sugar-sweetened foods and beverages at stores and markets in an 
individual’s neighborhood plays a key role in decisions to consume these foods.58 
Similarly, availability of programs or facilities that promote physical activity or 
nutrition classes within each of these organizations can influence an individual’s 
decision to engage in physical activity or nutrition education classes. 
 
Community 
The community level includes community members and others who provide 
social support on a larger scale and who set the norms for dietary or physical 
activity behavior.34 This level is comprised of a collective group of institutions and/or 
organizations that make up a larger societal group. Changes at this level include 
building relationships with other community organizations to set the public agenda 
for promoting health behaviors. 
 
Public Policy 
The public policy level includes policies in place that influence these levels of 
change from the top-down. These could include national, state and local laws that 
regulate and support health behaviors.34,59 An example of policy supported 
initiatives would be city funding supporting a neighborhood garden, education 
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programs promoting the recommended 5 fruits and vegetables per day or subsidized 
food programs that provide for low-income families. 
 
Multi-level Intervention Strategies 
The social ecological model encompasses both person-focused and 
environment-focused strategies in order to promote health behaviors.33 Interventions 
based on this model assume that health behaviors are influenced by multiple factors 
that interact with each other and that the most effective form of an intervention 
strategy will be one that addresses the problem at multiple levels.33 Similarly, the 
Social Cognitive Theory focuses on the interactions among personal factors, 
environmental factors and lifestyle decisions or behaviors.57 Some of these factors 
which influence overall outcome include an individual’s knowledge of risks and 
benefits related to change, perceived self-efficacy to control health behaviors, goals 
and strategies in place to accomplish these goals, expectations about costs and 
benefits to change, and perceived facilitators or impediments that may affect their 
eventual outcome.60 Studies focusing on intervention strategies based on this theory 
also stress the importance of addressing both the environmental and personal 
factors in order to have the greatest influence on healthy lifestyle behaviors.57,58 
Based on studies that have elicited successful behavior change through programs 
designed with the social ecological model61,62 and support from similar study designs 
related to the social cognitive theory,57,58 this multi-level approach may be an 
effective strategy for creating a community-based intervention program to decrease 
the prevalence of poor dietary choices in the U.S. population.  
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Barriers and Enablers to Change 
Before designing an intervention program to improve healthful eating and 
physical activity habits, barriers and enablers to change must be identified. An 
effective program to promote change targets participant needs at varying levels by 
decreasing barriers and increasing enablers.57,58,63  
Results from qualitative research studies indicate that the most common 
barriers to dietary change at the personal level include a lack of knowledge and/or 
skills in selecting items to purchase and prepare healthy foods, perception of high 
cost for healthier options, low self-efficacy and other psychological factors such as 
feeling defeated, lack of self-discipline or eating for reasons other than hunger which 
could be related to depression, stress or other coping mechanisms.57,58,63,64 These 
studies also identified interpersonal barriers related to the social environment 
including unsupportive family members, friends or coworkers, and the frequent use 
of food to bring people together in social events.57,58,64 Related to organizational 
barriers, perception of high cost of healthier foods at grocery stores and markets as 
well as physical barriers such as lack of availability or quality of fruits and 
vegetables at nearby grocery stores were recognized.57,58,63-65 Lastly barriers related 
to community and public policy included lack of accessibility to public assistance 
programs and support as well as insufficient education on intake recommendations 
for healthful foods.63,65 
When planning an intervention program for dietary quality improvement, it 
is also important to incorporate enablers or promoters of behavior change. 
Interventions should emphasize habits to increase the likelihood of these enablers 
and provide resources for participants to gain exposure and realize their eligibility 
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for these possibilities.63 Some of the most common enablers described in qualitative 
research include availability, accessibility and affordability of healthful foods, 
familial support, and availability of public assistance programs.58,63,65 
 Although many studies identified the previously mentioned barriers and 
enablers to healthful behavior changes, it is important to note that some populations 
have more pronounced barriers or promoters than others. In particular, low-income 
women and families tend to perceive cost of healthful foods more as a barrier than 
more affluent participants.57,63,64 Additionally, younger participant often recognize 
food options such as cookies, junk food, salty foods and sugar-laden foods and 
beverages as one of the biggest barriers to eating more healthful foods such as low-
fat or non-fat milk, vegetables, fruits or whole grains.65 Regarding enablers, some 
populations including low-income, ethnic minority, and disadvantaged families, 
found familial support to be of utmost importance when making behavior 
changes.63,64 Other populations such as children (ages 6 to 12 years old) young adults 
(21.5 ± 5 years old) and low-income overweight and obese mothers reported greater 
motivation for making physical activity and dietary changes due to personal, social 
and environmental factors.57,58,66 
Overall, general consensus among studies assessing barriers and enablers to 
healthful behavior change suggest taking the multi-level approach in order to most 
effectively meet long term goals of improving health, preventing or treating chronic 
conditions, aiding an individual with weight loss or improving adherence to a 
healthful lifestyle due to personal preference and desire.57,63 Individuals who 
perceived fewer barriers to these healthy habits, had family members and friends 
who practiced healthy behaviors and had greater neighborhood accessibility had a 
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higher likelihood of purchasing, preparing and consuming fruits and vegetables.58 
Interventions aimed at improving personal behaviors, family and friend social 
support and environmental factors may help encourage the purchasing of more 
healthful foods which could lead to greater confidence in preparation and increased 
consumption of these healthier options. 
 
Design of Behavior Change Interventions 
 Keeping barriers and promoters in mind while modeling an intervention that 
addresses multiple-levels of influence affords opportunities for discovery about 
program design and target focus. Fortunately, many behavior change interventions 
have been designed and tested for efficacy in order to determine effectiveness of 
specific design types, durations, target populations, etc. 
 
Parent-Focused Programs 
 As mentioned previously, family members, including children, play a crucial 
role in some individual’s adherence to a healthier behavior pattern.63,64 Involving 
other family members has been particularly successful in weight management 
interventions that incorporate the entire family in an attempt to more effectively 
target overweight and obesity among adults and children.  
One randomized, controlled study in particular focused on refining parental 
dietary habits in order to help participants develop healthier feeding behaviors to 
improve their own dietary behaviors as well as those of their child.67 Measured 
outcomes included child fruit and vegetable intake, unhealthy versus healthy snack 
intake and sweetened beverages versus water intake as well as parental offering of 5 
  22 
fruits and vegetables a day, healthy snacking options at pre-selected times and milk 
or water to drink throughout the day for the child.67 Parents who received the 
healthy feeding habits intervention had significantly higher scores related to 
offering 5 fruits and vegetables per day, serving healthy snacks and providing 
healthy beverages compared to the no-treatment control group.67 More specifically, 
on a 7-point scale, the intervention parents increased their offering of fruits and 
vegetables by 1.0 point, healthier snacks by 1.8 points and drinks by 1.4 points, 
which increased child consumption of fruits (0.5 servings per day), vegetables (0.8 
servings per day), healthier snacks (1.0 occasions per day) and water as a preferred 
beverage (0.6 occasions per day).67 Additionally, children of parents who attended 
the intervention program decreased their intake of unhealthy snacks (0.4 occasions 
per day) and sugar-sweetened beverages (0.6 occasions per day).67 
Another study assessing the efficacy of a family-focused parent-only versus a 
parent-child pair intervention program randomized families into parent-only or 
parent and child groups and similarly noted that focusing on parents was the most 
effective strategy for change.68 This particular study targeted health behavior 
changes to decrease obesity in elementary school-aged children and assessed 
monthly weight of the parent and child as well as obesogenic factors measured by an 
eating and activity questionnaire before and after the 6-month program.68 Results at 
the conclusion of the program indicated that the parent-only intervention group was 
more effective in decreasing child weight after 6 months of the program (weight 
change of -9.5% versus -2.4%) relative to the parent-child program participants.68 
Additionally, obesogenic habits within the home related to the environment, 
physical activity and eating, decreased significantly from baseline by 22% in the 
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parent-only intervention group, while the parent-child intervention group only 
reduced their obesogenic habit score by 15%.68 Although researchers concluded that 
the parent-only intervention was more effective than the parent-child intervention, 
researchers noted a possible third, untested strategy in which the parent and child 
attend together but are split upon arrival to the intervention, providing another 
potentially effective method of delivering a family-focused intervention program.68 
Another study in obese, elementary-aged children randomized participants 
into either an experimental intervention program in which only parents participated 
in group sessions or a conventional intervention where children were the only 
participants.69 This study noted comparable findings to previously mentioned 
research, with the experimental intervention group (parents only) having greater 
effects in the child’s behavior change (reducing exposure to snacks, sweets, cake and 
ice cream and as well as negative eating behaviors such as eating while watching 
television, when stressed and between meals) and weight change (loss of 14.6% 
versus 8.4%) than the conventional child-only participation intervention.69 Further 
supporting these findings, a study using a pretest-posttest factorial design found 
that after being randomized to a school-based Healthy Heart program, home-based 
Home Team program, both school- and home-based program or no treatment, 
families participating in a five-week home intervention with parental involvement 
(home-based or both school- and home-based program) demonstrated greater 
availability of “encouraged foods” in their homes and more positive self-reported food 
selections than the control and school-based only programs in which the child was 
the sole target for change.70 Specific changes after analyzing 24-hour recalls from a 
randomly selected subset group of children in the home-based program included 
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reduced percent calories from total fat (2.0% less), saturated fat (1.1% less) and 
monounsaturated fat (0.9% less) compared to the non-home-based programs. 
Saturated fat was significantly different (p=0.04) in the home-based program, 
relative to the non-home-based programs and total fat and monounsaturated fat 
approached significance (p=0.06 and 0.08, respectively).70  
Parental involvement appears to enhance the effectiveness of behavior 
change related to dietary intake, sometimes resulting in weight loss in obese child 
populations.67-70 These findings suggest that it is important to create an intervention 
program that includes parents when trying to elicit change within a household.  
 
Family-Focused Programs 
 In contrast to studies focusing solely on parental interventions for healthful 
behavior changes, other research has extended the concept of multi-level 
interventions to families, usually a parent and child pair, with the desired change 
occurring at a household level.21,71 Research assessing the personal and 
environmental factors among multiple populations suggests that psychosocial 
factors, specifically familial interactions, are the most common and influential 
promoters for behavior change.63,72  
A randomized controlled pilot study assessing acceptability of a family-based 
intervention program designed to improve eating behaviors related to fruit and 
vegetable intake of the child, proposed that compared to a control group, home 
environmental factors and family behavioral factors of the intervention group would 
have an influence on the child’s eating behavior and weight.21 This program 
incorporated separate intervention time for both the child and parent as well as time 
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together and included activities such as a sharing in a healthy snack time together, 
family meal preparation, hands-on learning activities and take-home assignments 
and materials.21  This multi-level intervention program included lessons that 
encouraged family meals, increased the cooking skills of the child, fostered 
consumption of more fruits and vegetables and deterred participants from eating 
foods and beverages that were high in fat and sugar.21 The study was well received 
by participating families and the collected data indicated trends in improving 
healthier dietary behavior habits with a significant increase in child food 
preparation skills as reported by the child (control mean score of 15.2 ± 3.2 versus 
intervention mean score of 17.5 ± 3.2), parental acknowledgement of increased 
dinner preparation assistance by the child and tendencies towards higher reporting 
of parental self-efficacy related to meal preparation.21 Additionally, researchers 
observed trends towards higher fruit and vegetable availability within the home 
which resulted in increased child intake of these foods which approached 
significance, compared to the control group (mean change of 2.6 ± 1.3 servings of 
fruit and vegetables consumed per day in the control group versus 3.5 ± 1.7 servings 
per day in the intervention group; p=0.08).21 Furthermore, trends towards lower 
consumption of sugar-sweetened beverage consumption approached significance 
(mean change of 0.7 ± 0.5 servings per day in the control group versus 0.4 ± 0.4 
servings per day in the intervention group; p=0.09) and the child intake of dietary 
fiber significantly increased in the intervention group, relative to the control 
participants (mean change of 15.8 ± 3.3 grams per day versus 12.7 ± 3.5 grams per 
day, respectively).21 Lastly, intervention families increased their percentage of 
family dinners that included salads and vegetables, had lower availability of high-fat 
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microwavable foods and processed meat and decreased their availability of 
sweetened beverage and high-sugar cereal availability compared to the trial control 
group.21 
A pilot study conducted to inform the development of a family-focused 
nutrition intervention for families with children between the ages of 18 months and 
5 years used an exploratory randomized control design to assess feasibility and 
acceptability of a program incorporating a combination of parent-only and parent-
child activities compared to a control group.71 The intervention goals included 
increasing fruit and vegetable consumption and decreasing intake of sugar-
sweetened beverages and snacks in children while also improving parental food 
knowledge, confidence about food choices and frequency of fruit and vegetable 
consumption, important parental influences on child intake.71 The program included 
parent-only lecture and discussion, parent and child food preparation with tasting 
sessions and at-home activities.71 Process evaluation following the trial period 
indicated that parents especially valued the program due to the informative, 
practical and tailored nature of the nutrition lessons, components that should be 
incorporated in future studies.71 
Lastly, another family-oriented randomized clinical trial incorporated parent-
child interaction, active learning and applied problem-solving to improve dietary 
quality of type 1 diabetic youth (ages 8 to 16 years) by focusing on increasing whole 
plant foods such as whole fruits and vegetables, whole grains, legumes, nuts and 
seeds.73 After the 18-month program, the intervention group scored 7.2 points higher 
on the Healthy Eating Index (based on 2005 Dietary Guidelines for Americans) and 
consumed ½ cup more of whole plant foods per 1000 kilocalories than the control 
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group.73 Additionally, type 1 diabetic children in families who attended the 
intervention program also scored 0.5 points greater on the Whole Plant Food Density 
score (based on consumption of whole fruits, vegetables and grains, legumes, nuts 
and seeds) despite lack of improvement in hemoglobin A1c.73 
These intervention strategies addressed the personal level of both the parent 
and child, independently, as well as expanding this scope to the interpersonal or 
family level (parent interacting with the child) and environmental factors that 
influence lifestyle behaviors.21,71,73 The combination of these influences resulted in 
behavior changes at the household level demonstrating that this approach can have 
effects on multiple members of the household. 
 
Community Based Programs 
 Building on the evidence that parent-focused interventions incorporating 
child-focused learning strategies have had success in eliciting behavior change, 
many studies have combined this intervention style into a community-based 
program.23,24 These studies emphasize the social support component of promoting 
behavior changes, as the participants have not only their own family but also the 
encouragement of other families within the program. Many of the community-based 
health behavior change programs last between 8 and 12 weeks, allow for parent and 
child specific activities in addition to family tasks and incorporate varying levels of 
physical activity, nutrition education and hands-on learning components.22-24 Some 
of the specific nutrition activities include snack and meal preparation, family-style 
dinners, addressing barriers to healthy habits, education on similar nutrition topics 
each week for both the parents and children, and in some instances, counseling 
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sessions.23,24 Community-based intervention programs have elicited positive results, 
some of which included improvements in knowledge and healthy behaviors, trends 
in reducing high fat foods and sugar-sweetened beverages, trends indicating 
increased intake of fruit and vegetables and increased levels of physical activity in 
some cases.22-24  
Following an 8-week within-subject, wait-list controlled trial at a community 
center in which families with overweight and obese children attended a program 
promoting healthy food choices and physical activity via nutrition lessons, active 
physical activity and healthy family meals each week, researchers identified an 
increase in fruit consumption with a monthly incidence rate ratio of 1.33 compared 
to no change measured in the wait-list control group.23 Additionally, the rate of 
change in junk food (energy-dense, nutrient-poor foods) in the intervention group 
decreased by a monthly incidence rate ratio of 0.83 with no significant change seen 
in the wait-list control participants.23 These improvements were maintained during 
a one-year follow up period.23 
Another community-based family intervention program targeting obesity in 
Hispanic populations found significant improvements from pre- to post-intervention 
in both the adult and child participants. The intervention program took place at a 
local community center and offered nutrition education and family physical activity 
sessions administered by a bilingual health promoter.24 Following the intervention 
program, parents made significant improvements with decreases in diastolic blood 
pressure (2.36 mm Hg), glucose (3.08 mg/dL), waist circumference (0.54 inches), 
weight (2.03 pounds), BMI (0.35 kg/m2) and increased nutrition knowledge (50 
percentage points).24 In addition to these measured changes, unintended benefits 
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from this community-based intervention took place at an organizational and 
community level. Following the completion of the 8-week intervention program in 
which healthy food choices and physical activity were promoted through nutrition 
lessons, active physical activity and a healthy, family meal each week, it was 
reported that the community YMCA center at which the intervention was held 
offered discounted membership passes and hired bilingual staff to encourage 
participants to continue with their improved exercise habits and to make the center 
more accessible to Spanish speakers.24 In addition, a nearby Hispanic café began 
offering healthier menu options, per participant request, which were so popular that 
they became permanent menu items for the community.24 This same study also 
elicited change in the physical environment of the community, as the city improved 
crosswalks to a local park and promoted a wellness program at a local elementary 
school to encourage consumption of drinking water as a result of community interest 
following the intervention program.24 
 
Culturally Appropriate Programs 
 A focus on specific populations within the community is also of interest in 
developing an intervention strategy to best address the needs of a target population. 
Designing a culturally appropriate intervention that is sensitive to the culture and 
beliefs of a population is just as important as the intervention design, itself, in order 
to increase acceptability and effectiveness of the program.74 
One group of researchers sought to determine whether a culturally tailored 
fruit and vegetable intervention program would improve intervention impact, 
participant perceived relevance and satisfaction with the program in a group of 
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African-American adults.75 The program included mailing newsletters to the 
participants each month for three months that promoted consumption of fruits and 
vegetables.75 The control group newsletter was tailored specifically to a participant’s 
age, gender, medical history and food preferences, based on survey results, while the 
two experimental groups took this newsletter one and two steps further, addressing 
autonomous motivation for increased fruit and vegetable consumption (personal 
values, religion and spirituality), directive messages and self-efficacy enhancers.75 
Both the experimental and control groups experienced significant within-group 
increases of fruit and vegetable intake (0.9 and 0.8 servings per day, respectively) 
following the three-month intervention.75 However, experimental group participants 
were more likely to report slightly higher levels of perceived program relevance (5.75 
versus 5.50 participants out of 8) and ability to recall tailored content (religious 
themes, motivational quotes, personal values/goals) exclusively provided in the 
experimental newsletters.75 Furthermore, significant differences emerged for 
intervention participants who showed a preference for autonomy-supportive 
communication (measured by response to a survey question about preference for 
being told what to do about their health by an expert), as their fruit and vegetable 
consumption increased by 1.07 servings per day, compared to the high autonomy 
support control group increase of 0.43 servings per day.75 These results suggest that 
tailoring an intervention program to a particular group based on participant 
demographics, communication preference and some cultural aspects, may be useful 
in improving participant acceptability of and interest in the intervention material. 
Another health behavior program designed to improve mammography 
screening and fruit and vegetable consumption in low-income African-American 
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women had similar findings related to behavioral and cultural tailoring.76 These 
women received 6 magazines over 18 months, promoting mammogram screenings 
and fruit and vegetable consumption, that were tailored using behavioral constructs 
(knowledge, beliefs, perceived barriers, stage of readiness to change, self-efficacy and 
past behavior), cultural relevance (religion, collectivism, racial pride and time 
orientation), a combination of both or no magazines at all (usual care, control 
group).76 Related to mammogram screenings, women in the combined behavioral and 
cultural intervention were most likely to get screened (75.6%) and those in the 
behavioral only and cultural only were more likely to get screened (64.6% and 63.6%, 
respectively) than the control group (54.5%). Findings related to fruit and vegetable 
consumption were not as strong, although the combined behavioral and cultural 
program had the highest median change in servings with a 1.0 increase at 18-month 
follow-up compared to a 0.43 increase in the behaviorally tailored program, 0.36 
increase in the culturally tailored program and 0.57 increase in the control group.76 
A review of culturally tailored intervention programs for Hispanics noted 
that in addition to having an understanding of Hispanic cultural values, essential 
components of a culturally appropriate intervention includes bilingual and 
bicultural materials and program administrators, family-based activities, materials 
that are literacy-appropriate and social support for the participants.77 As previously 
mentioned, a community-based family intervention targeting obesity in Hispanic 
populations provided nutrition education in Spanish and had literacy-appropriate 
materials available in both Spanish and English for the participants and this 
program resulted in significant improvements in health measures and adult and 
child nutrition knowledge.24 
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In a randomized control trial encouraging improved dietary and physical 
activity behaviors in obese Hispanic-Americans who recently had laparoscopic Roux-
en-Y gastric bypass (RYGB), participants who received the comprehensive 
intervention, including culturally tailored materials and strategies, had significantly 
greater excess weight loss from 6-12 months following surgery than the comparison 
group who simply received the standard 3-page healthy eating and physical activity 
recommendation hand out (25% weight loss versus 13% weight loss).78 The tailored 
intervention program included language-appropriate lifestyle education and 
behavioral-motivational sessions, encouraging group discussions and focused on 
dietary modifications such as portion control, creating routine eating habits, 
avoiding unhealthful foods and nutrition education about typical Hispanic diets and 
dietary changes that occur as a result of acculturation.78 Additionally, participants 
in the comprehensive intervention program engaged in significantly more physical 
activity from 6 to 12 months following surgery (+14 minutes per week versus -4 
minutes per week) and one year after surgery lost significantly more preoperative 
excess weight compared to the standard treatment control group (80% versus 64% 
preoperative excess weight, respectively).78 
In a community-based randomized controlled trial for Hispanic breast cancer 
survivors, researchers designed a culturally based dietary intervention program to 
increase fruit and vegetable consumption and decrease fat intake.79 Participants 
were all Spanish-speaking and divided into the ¡Cocinar Para Su Salud! intervention 
program which used a culturally tailored curriculum or a control group which 
provided standard of care written dietary recommendations for cancer survivors.79 
The intervention program included roundtable nutrition education sessions that 
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encompassed cultural values related to the family and community, hand-on cooking 
classes using traditional Latin-American recipes and food-shopping field trips.79 All 
materials and assessments for this program were in Spanish, as well as the 
administration of sessions by bilingual staff and a special emphasis was placed on 
increasing dark leafy greens and cruciferous vegetables while not considering fruit 
juice, potatoes, fried vegetables and legumes as target fruits and vegetables.79 
Following the three-month intervention program, ¡Cocinar Para Su Salud! 
participants had significantly greater increase in mean fruit and vegetable servings 
compared to the control group (+1.1 versus -0.3 servings, respectively) as well as 
targeted fruits and vegetables (+2.0 versus +0.2 servings, respectively.79 
Furthermore, at six months, intervention participants still reported statistically 
higher consumption of mean servings of fruits and vegetables than the control group 
(+2.0 versus -0.1 servings, respectively) which specifically included dark-green and 
deep-yellow vegetables.79 
Another community-based 2-arm randomized controlled trial for pregnant 
Latina women found similar improvements in dietary outcomes following their 
culturally tailored intervention program.80 The aims of this intervention program 
were to decrease intake of added sugars, total fat and saturated fat and increase 
intake of fruits, vegetables and fiber during pregnancy in the Healthy Mothers on 
the Move (MOMs) intervention group, relative to the minimal intervention group 
(MI).80 The MOMs participants received Spanish curriculum with pregnancy 
education and information, activities and discussions to improve knowledge and 
skills to reduce barriers to healthy eating, exercise and managing stress and healthy 
cooking demonstrations related to intervention sessions.80 Additionally, 
  34 
informational and emotional social support was provided by the community health 
worker to elicit greater problem solving, strategy sharing and recognition of efforts 
among intervention participants.80 In contrast, the MI group received Spanish 
pregnancy education similar to the MOMs group and standard pregnancy eating and 
exercising materials from other organizations.80 Following the intervention program, 
MOMs participants significantly improved their intake from baseline of added 
sugars (-21.9% versus -6.9%), total fat (-16.7% versus -4.4%), saturated fat (-18.1% 
versus -2.8%) and vegetables (+25.5% versus -11.5%) compared to the MI group.80 
This example of significant dietary behavior improvements following a culturally 
tailored intervention program provides further evidence for addressing cultural 
differences in intervention planning, specifically in Spanish-speaking populations. 
It is important to keep in mind cultural preferences when planning an 
intervention program, as demonstrations, recipes and administration may vary 
based on cultural preferences and certain styles of instruction may elicit more 
participation, depending on the population sample. Differences in behaviors, 
attitudes, expectations, cultural values and preference for modality of the 
intervention will help determine the appropriate structure design since values, 
norms, expectations and attitudes towards the targeted behavior may vary by 
culture or population.74 
 
Home Food Environment 
Based on the effectiveness of community-based intervention programs that 
target multiple levels of environmental influence, it would be important to assess 
other areas of notable influence on an individual’s dietary behavior. There is 
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consistent evidence from recent research that suggests exposure to various food 
environments and food availability plays a direct role in dietary behavior and can 
significantly increase intake of fresh fruits and vegetables in healthful 
environments.15-17 For this reason, the HFE is another key area to target when 
planning an intervention program to improve eating behaviors.  
 
Background/definition 
 The home food environment (HFE) encompasses foods and beverages that are 
available within the home of an individual. Research has demonstrated that 
availability and accessibility of foods within this environment can influence dietary 
intake of the household members.81-83 As the social ecological model suggests, an 
individual’s environment has a major influence on determining health behaviors and 
more supportive environments will increase likelihood of successful behavior 
change.33 Furthermore, in a proposed ecological model of the HFE, researchers 
define areas of influence on dietary intake of household members, specifically 
children, as built and natural environments, sociocultural environments and 
political and economic environments.83,84 The built or physical environment has 
specifically been identified as having a significant influence on child healthful food 
(fruits and vegetables) and unhealthful food (sugar-sweetened beverages, cookies, 
candy) consumption.16,17,19,81-83,85,86 Adults in the U.S. reported that energy intake 
from home accounted for 65% to 72% of total daily energy; lower income groups were 
found to consume even more of their daily energy at home.87 Although little research 
has taken place on the effect of the HFE on adult intake, Australian researchers 
found that a healthy eating score (greater compliance with Australian Dietary 
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Guidelines of consuming a wide variety of nutrient dense foods including fruit, 
vegetables, grains, lean meats and dairy as well as limiting saturated fat, alcohol 
and added salt and sugar) was positively correlated with home availability of 
healthy foods and negatively correlated with home availability of unhealthy foods.85 
Additionally, in homes where fast food was frequently purchased for family meals, 
intake of healthful food (servings of fruits and vegetables) decreased in parents and 
consumption of unhealthful food (salty snacks) increased in both parents and 
children, indicating a household effect by built environmental influences.88 The 
HFE, influenced by social, community-level, structural, cultural and economic 
factors is a dynamic food source which can have a great impact on the dietary intake 
of household members.33,84  
 
Influence of Availability and Accessibility on Dietary Intake 
 Availability and accessibility of foods were identified as important predictors 
in increasing or decreasing dietary intake in children.17,19,66,81-83,85,86 Availability of 
food is described as having these specific foods present within the home environment 
which may affect exposure and potential intake in children.86,89 In contrast, 
accessible foods are those that are not only present but also available in a friendly 
form, accessible location and at convenient times to facilitate easy access and 
consumption.86 
Fruit and vegetable availability and accessibility contributes to significant 
increases in child fruit and vegetable consumption.16,17,19,81-83,85,86,90 A survey of 
Australian households with preschool-aged children (3 to 5 years old) found that 
offering children fruits and vegetables throughout the day, having a wider variety of 
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fruit and vegetables available in the home and storing these healthy foods in ready-
to-eat forms was associated with increased child consumption.83 Other cross-
sectional research has identified similar findings, as both 4th to 6th grade children 
and their parents reported accessibility of fruit, 100% fruit juice and vegetables as 
an important predictor of consumption, with accessibility and availability accounting 
for 10% of the variance in child intake.86 Additionally, researchers found that 
availability of fruit, 100% fruit juice and vegetables was the most important factor 
for children with a high preference for these foods and that both availability and 
accessibility were important for children with a low preference.86 Another study 
found that both availability and calculated healthful to unhealthful food ratio score 
had the strongest association with fruit and vegetable intake in children ages 5 to 
11.16 This ratio was calculated based on scores of reported availability of healthful 
foods including fruits, vegetables, 100% fruit juice, baked chips, sugar-free soda, 
skim or 1% milk and unsweetened breakfast cereal as well as unhealthful foods 
including chocolate, candy, cake, regular chips, sugar-sweetened beverages, whole or 
2% milk and sweetened breakfast cereal.16 
Greater home food availability of unhealthy items such as chips, sweetened 
beverages and desserts, had a significant association with the child’s intake of 
unhealthy foods while those with limited access saw a negative correlation with junk 
food intake.81,82 Home food availability of unhealthful foods not only had an 
association with increased unhealthy food consumption but when unhealthy 
availability increased, high-calorie beverage intake increased (estimated association 
of 0.21) and consumption of fruits and vegetables and calculated Dietary Approaches 
to Stop Hypertension (DASH) score in children ages 6 to 11 decreased (estimated 
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association of -0.27 and -2.25, respectively), indicating lower diet quality.17 In a high 
risk, overweight and obese population of children ages 5 to 11 years, researchers 
noted that availability of unhealthy food (such as chips and sweets) and parental 
inappropriate modeling of behavior was associated with increased consumption of 
unhealthy foods.82 Furthermore, houses with availability of more unhealthy foods 
noted a positive association with an unhealthy eating score and high calorie 
beverage consumption while healthy food availability had a negative association 
with unhealthy eating scores.17,85 It is possible that the behavioral mechanism 
behind home food availability and intake could be that the presence of the food may 
increase the likelihood that the food is seen when the individual is hungry. 
Additionally, smell of foods available within the home (sweet smell of fruit) or the 
sight of colorful fruits and vegetables may trigger eating behavior due to their 
attractive nature. Weather-related cravings such as wanting to eat cold juicy fruit on 
a hot day, may be another behavioral mechanism that could influence dietary 
behavior.  
 
Additional Factors that Influence Dietary Intake 
Although accessibility and availability are important physical influences on 
dietary intake, there are several additional HFE factors that are also important to 
note, especially in children. The sociocultural HFE consists of family foods rules, 
parental modeling/behavior and encouragement of fruit and vegetable consumption, 
restrictive feeding, pressure to eat, frequency of eating out, parental monitoring of 
adolescent eating behavior and parental value of fruit and vegetable intake.17,66,81-83  
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Researchers have noted an association between parental modeling of positive 
eating behaviors and encouragement to eat fruits and vegetables with increased 
intake in children.17,19,83,91 Modeling and parental policies in place that support 
family meals were positively correlated with a healthy food intake score and 
decreased junk food intake score (sugar-sweetened beverages, desserts, French fries, 
chips and fast food consumption) in preschoolers.81 Increased fruit and vegetable 
consumption in preschoolers was also associated with parents who allowed their 
children to eat only at set meal times all or most of the time and with the number of 
times fruits and vegetables were offered to the child.83 Children were noted to have 
an influence on the household fruit and vegetable consumption as well, as increased 
asking behavior and preference for fruits and vegetables improved parental value of 
fruit and vegetable consumption and the overall HFE.19 Parental monitoring and 
policies related to child intake were associated with a decreased consumption of junk 
food, fats and sweets while greater restriction of access to food by the parent and 
pressure on the child to eat had an association with positive dietary changes such as 
greater intake of fruits and vegetables and decreased consumption of saturated fat 
and junk food.81,82,92 Lastly, a longitudinal study demonstrated the effect of the HFE 
on long term habits, as frequency of parental serving of vegetables with dinner in 
adolescents predicted consumption of vegetables five years later in both a high 
school and young adult cohort.91 After five years, these male participants who lived 
in households that always served vegetables with dinner consumed an average of 
0.45 additional servings and females consumed 0.62 additional servings of 
vegetables five years later in contrast to individuals who grew up in households that 
sometimes or never served vegetables.91 When separated by age group, high school 
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students growing up in homes that always served vegetables with dinner consumed 
0.76 additional servings and young adults consumed 0.32 additional servings 
compared to similar aged participants who grew up in homes that sometimes or 
never served vegetables with dinner.91   
Inappropriate parental modeling has been associated with increased risk of 
children consuming more fats (foods such as butter, margarine, oil, salad dressing, 
sour cream and cream cheese) and sweets (foods such as candy, cake, regular soda 
and juice).82 Additionally, children who experienced permissive feeding 
demonstrated higher consumption of high calorie beverages.17 Other influences on 
food intake include self-efficacy and skills related to cooking, knowledge and beliefs 
about fruit and vegetable intake and child/parent characteristics such as age, 
gender, race, socio-economic-status and education.17,66,85,90 
In Australian adults, factors that were associated with a healthier eating 
score included confidence in preparing healthy meals and enjoyment of cooking as 
well as a community environmental influence of having a supermarket within 800 
meters of their home.85 Similarly, motivation factors (self-efficacy, outcome 
expectancies and preferences) in third grade children was consistently related to an 
increase in fruit and vegetable consumption.93 Household income and maternal 
education were strongly correlated with availability of healthful foods in the home 
but income was not associated with the presence of less healthy foods.16,90 Intake and 
dietary habit differences have been observed in girls and boys with fewer unhealthy 
foods, a better healthful to non-healthful food ratio score and increased likelihood of 
asking for fruits and vegetables in girls compared to houses with boys.16,19 Dutch 
researchers observed that children of mothers with a low level of education (primary 
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school and lower secondary education) were more likely to report unhealthy food as 
usually or always available within the home, whereas children of mothers with a 
high level of education (higher vocational education and university) were more likely 
to report usually or always having fruit available in the home as well as always 
having vegetables served with dinner.90 Additionally, children from homes with low 
maternal education had the lowest fruit and vegetable consumption (0.96 pieces and 
94 grams per day, respectively) while those from homes with high maternal 
education had the highest fruit and vegetable consumption (1.07 pieces and 116.9 
grams per day, respectively).90 These differences were explained by parental intake, 
as highly educated mothers consumed more fruit, had more rules about fruit and 
vegetable intake and were more likely to have fruit available than low-educated 
mothers, all factors that help shape the HFE and influence child intake.90 
This research suggests that availability and accessibility of foods within the 
home environment can influence intake of the household members. It is important to 
investigate the methods of assessment of the HFE to establish that this correlation 
between availability/accessibility and intake is valid. 
 
Methods of Measurement and Assessment 
 In order to assess the effect of the HFE on an individual’s dietary intake, 
methods of measurement have been developed for both intake and HFE 
scores.16,82,85,90,92 Many studies assessing the association between the HFE and 
intake utilize previously validated measures or modifications of these 
questionnaires. The intake data in many HFE studies is collected via 24-hour 
recalls, Food Frequency Questionnaires (FFQ) and modified frequency 
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surveys.16,17,25,81-83,85,90,92  The 24-hour recall method collects quantitative data about 
foods and beverages consumed during the previous 24 hours. Interview administered 
phone calls or in-person meetings can be used to collect this intake data as well as 
participant self-administered recalls.94 The benefit of using interviewer 
administered 24-hour recalls is that researchers can prompt the participant for more 
detailed descriptions of their intake data by using techniques such as the multiple 
pass or three pass recall method.17,92 With this approach, the researcher obtains a 
quick list of foods consumed over the past 24 hour period, obtains more specific 
information about these foods during the second pass (butter on toast, type and 
amount of milk in cereal) and reviews each item and portion size with the 
participant during the final pass, while prompting for recollection of any additional 
snacks, beverages or condiments that may have been forgotten during the first two 
passes.95 
Another frequently used dietary intake assessment is the FFQ or a modified 
version of this survey.16,81-83,85,90 Similar to the 24-hour recall, these surveys can be 
administered by an investigator or self-administered by the study participant. 
Information gathered from FFQs include frequency and variety of foods and 
beverages over a defined period of time, resulting in the ability to describe average 
dietary intake.96 Some intake questionnaires used specifically for HFE research 
collect information related to the number of servings of fruits and vegetables a child 
eats in a typical day and/or week,16,82,90 intake frequency of pre-classified “healthy” 
and “unhealthy” foods,85 junk food intake versus healthy food intake,81 and 
frequency of consumption for various food groups (starchy foods/grains, fruits, 
vegetables, dairy, meets fats and sweets).82 
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In addition to measuring participant intake, it is also important to examine 
the measurement tools used to evaluate the HFE which has potential to influence 
consumption of the household members.97 In a review of HFE inventory tools used 
specifically to assess availability (physical presence) within the home, researchers 
identified two main categories of assessment: open inventories and predefined 
inventory checklists.97 The former is typically conducted by trained research staff 
and requires a visit to participant homes in order to record all foods present within 
the cupboards, refrigerator(s) and freezer(s).97 In contrast, predefined inventory 
checklists can be conducted by telephone interview or mailed to the participant in 
the form of a questionnaire and are completed by indicating present or absent foods 
within the home.97 A common inventory checklist (or modified version of this tool) 
used for HFE studies is the Home Fruit and Vegetable Availability Checklist which 
assesses availability of 10 fruits and 10 vegetables within the home and accessibility 
(ease of access) of these fruits and vegetables to the child within the household over 
the week prior to assessment.98 Although this inventory has not been validated for 
use as a tool for assessing the HFE, researchers have found correlation between 
reported and observed measures in a modified version of this questionnaire.99 
Another method used to evaluate the HFE that has been validated for use, is 
the Home Environment Survey (HES) which was developed to assess both physical 
activity and eating behaviors of children related to parental role modelling and 
parental policies about physical activity, fruits and vegetables and sugar-sweetened 
foods and drinks.90,100 Similar to the Fruit and Vegetable Availability Checklist, this 
questionnaire assesses availability and accessibility of fruits, vegetables, fats and 
sweets within the home but instead of simply noting presence or absence of the item, 
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uses a five-point scale ranging from “never” to “always” available or accessible.100 
Other methods of HFE assessment, related specifically to child intervention 
programs, similarly include scores based on fat/sweet or healthy/unhealthy food 
accessibility, role modeling of healthy eating behaviors, family involvement in meal 
preparation parental monitoring of the child’s eating habits and parental policies for 
healthy eating.81,82,92 
Lastly, based on the weaknesses of previously developed home HFE 
inventory tools such as limited number of foods and lack of validity testing, the HFI 
was developed and validated to encompass a wide range of food including healthy, 
unhealthy, reduced-fat and regular-fat foods.25 The HFI was designed for participant 
completion and in the initial stages of development, included 186 items most 
typically consumed by U.S. adults.25 The food groups encompassed in this 
availability inventory included dairy (cheese, milk, yogurt, other), vegetables, fruits, 
meats and other non-dairy protein (processed meat and other), added fat, frozen 
desserts, prepared desserts, savory snacks, microwave/quick cook foods, bread (white 
and wheat), dry breakfast cereal (while grain, high and low sugar), candy and 
beverages (regular and low sugar), with many of the categories including regular or 
reduced fat options.25 Additionally, kitchen and refrigerator accessibility (access to 
healthy or unhealthy foods) was assessed as part of this inventory.25 Participants 
were encouraged to write in foods that were present within their home (refrigerator, 
freezer, pantry, cupboards and other areas) but not listed on the inventory, resulting 
in a final and validated measurement tool which includes 190 items.25 After noting a 
lack of validated HFE inventory tools for non-English speaking, low-income 
populations, the HFI was then modified and re-validated for use in low-income 
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Somali- and Spanish-speaking families to diversify use of this validated HFE 
inventory method to a wider range of populations.26 The original HFI tool 
demonstrated substantial criterion validity (performance of the instrument by a 
participant compared to a trained researcher) and significant construct validity 
(correlation between relationship of what is being measured and another variable 
such as intake) in the adult population, and the modified version for non-English 
speaking, low income families was also validated, using criterion validity, which 
many previous inventory tools failed to accomplish.25,26 
In assessing the effect of an environment on an individual’s eating behavior, 
it is important to have confidence in the measurement tools being used to evaluate 
both intake and the surrounding environment. These tools such as the FFQ (and 
modified versions), 24-hour recall and home food inventories have been used in 
many studies and have demonstrated their effectiveness in providing accurate 
representations of participant intake and HFE measures.16,17,25,26,81-83,85,90,92 
 
Summary 
 This review of literature has evaluated the relationship between health 
behaviors and chronic disease, intervention strategies developed to target these 
health behaviors and the potential effect of an individual’s HFE on eating behavior. 
More research is needed to address the gaps in the literature regarding the 
evaluation of the HFE following a randomized, controlled community intervention 
program focusing on increasing fruits and vegetables and decreasing sugary foods 
and beverages within the home. Additionally, there is a major lack of research 
related to the influence of the HFE on adult eating behavior. Thus, an important 
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outcome of a community intervention program targeting the HFE would be to create 
a more favorable environment for healthy dietary habits in order to improve health 
outcomes and reduce the rates of chronic disease in households and adults. 
  





The present study was conducted as a sub-study and secondary data analysis 
of the Athletes for Life 3 (AFL3) program at Arizona State University. The primary 
outcome was change in variety of fruits, vegetables and sugar-containing foods and 
beverages in the homes of study participants. The AFL3 study was a 12-week 
parallel arm, randomized controlled trial aimed at assessing the efficacy of a 12-
week community-based intervention program on dietary and physical activity 
behaviors among adults and their 6 to 11 year old children. Participants were 
randomized to participate in AFL3 (active intervention group), or a wait-list control 
group. Although children were included in the study, this sub-study only focused on 
the adult participants (parents). This study was approved by the Institutional 
Review Board at Arizona State University (Appendix A) and all participants 
provided informed written consent prior to enrollment in the study (Appendix B). 
 
Participants 
 This sub-study included participants recruited as part of the first cohort of 
AFL3 which is an ongoing, four-year project. Participant inclusion for AFL3 and this 
sub-study is illustrated in a CONSORT flow diagram (Figure 1). Thirty-three adults 
were recruited for AFL3 between August and September of 2014 and consented to 
participate in the study, after which they were randomized to an immediate 
intervention or wait-list control group. Out of these participants, 26 agreed to a 
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home food inventory and and 21 completed three-day food records, which was data 
used in this sub-study analysis. Eligibility criteria for the study included a parent 
(18 years of age and older) and child (6 to 11 years of age) pair. Entire families were 
invited to participate in this program but if more than one child was within this age 
range, then data was only collected on the child with a birth date closest to the first 
of January and the consenting parent. Exclusion criteria included pregnancy and 
serious or chronic conditions that prevented any individuals from being able to 
safely partake in physical activity. 
 The inclusion and exclusion criteria were chosen with an aim to encompass 
as many participants as possible in the South Phoenix area who could safely 
complete the intervention so that the program could be applied to a wide range of 
similar communities. 
 




AFL3 is an ongoing four-year project that will continue recruiting beyond the 
dates during which this sub-study took place. Only participants in the first cohort of 
AFL3 recruitment who allowed a home food inventory to take place (a total of 26 
households) were included in this sub-study analysis.   
Participant recruitment occurred during the month prior to the start of the 
intervention and targeted families in the southern region of Phoenix, Arizona. The 
Contacted (n=63) 
Excluded (n=26): 
 Lost contact/unable to schedule data 
collection visits (n=10) 
 Unavailable during day/time (n=9) 
 Not interested after explanation (n=4) 
 Pregnant (n=3) 
Randomized (n=37) 
Intervention (n=20): 
 Dropped during baseline data 
collection (n=3) 
 Completed baseline data (n=17) 
Wait-list control (n=17): 
 Dropped during baseline data 
collection (n=1) 
 Completed baseline data (n=16) 
Allocation 
Allowed HFI at baseline and 
follow-up (n=13) 
Allowed HFI at baseline and 
follow-up (n=13) 
Completed 3-day food record at 
baseline and follow-up (n=10) 
Completed 3-day food record at 
baseline and follow-up (n=11) 
Home Food Inventory 
Three-day Food Records 
Figure 1. CONSORT Flow Diagram 
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primary recruitment strategy consisted of flyer distribution to schools, churches and 
community centers in the South Phoenix area. Individuals interested in 
participating in the study called the telephone number listed on the flyer and 
received a preliminary screening call (Appendix C) in either Spanish or English, 
depending on personal preference from a trained researcher to determine eligibility. 
Eligible families were then scheduled to have two research staff members visit their 
home for the consenting process and initial data collection. 
During the initial home visit to obtain consent for program participation, a 
trained research team member read the consent form (Appendix B) out loud to the 
potential participant (parent) while they were able to follow along with a copy of 
their own. If any questions arose during this process, participants were encouraged 
to ask questions for clarification. After reading through the consent form with the 
research assistant, the parent then agreed to the information provided by signing 
and dating the form. At this time, participants were also given a time line of the 
program and a short survey (Appendix D) was administered to obtain socio-
demographic and health-related information about each participant. While one 
research assistant was completing the survey, another researcher simultaneously 
conducted the HFI, after receiving consent from the parent (described below). Lastly, 
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Assessment 
Home Food Environment 
Assessment of the HFE consisted of completing a modified version of a 
validated HFI (Appendix E) by trained research team members. The HFI has been 
validated for use as a tool to measure availability and variety of specific foods within 
the home. The modified HFI used in this study was developed by researchers in the 
previous phase of the AFL project using a validated inventory25 and one developed 
for low-income, Spanish speaking families26 to ensure that culturally appropriate 
foods were included for this sample population.  
Modifications included eliminating food group sections that were not of 
interest to this particular study such as Microwavable or Quick-Cook Frozen Foods, 
Bread, Chips, Crackers and Other Snack Foods and Diet Products as well as specific 
foods such as cheeses (regular and reduced-fat). In addition, foods of interest were 
added to the inventory such as flan, pan dulce, ice cream, pudding or Jell-O, flavored 
milks, energy drinks and aguas frescas. Lastly, a section was included in the 
modified tool to assess variety of dry breakfast cereal, classified according to the 
WIC sugar requirements (no more than 6 grams of sucrose and other sugars per 1 
dry ounce of cereal for WIC-eligible cereals).29 
The final HFI used in this study assessed the availability and variety of 20 
vegetables and 26 fruits in the kitchen and refrigerator as well as availability of 
sugar-containing items such as prepared desserts, beverages, candy and dry cereal. 
The general accessibility of specific foods in the kitchen and refrigerator was 
initially assessed, followed by a thorough inventory of specific types of fruits, 
vegetables and sugar-containing foods and beverages in the home. Upon completion 
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of the inventory, participants were also asked a short series of questions to assess 
the amount of time since the last food-shopping trip, where the participant usually 
shops, if any recent purchases were not typical for this household because of a 
special celebration or event, if the amount of food present that day was typical and 
how many individuals lived in their home. 
 
Dietary Intake 
Participants were asked to fill out a three-day food record (Appendix F) on 
pre-specified dates (one weekend and two week days) one week immediately before 
and after the intervention. Participants were instructed on recording each of the 
food items consumed during the data collecting days and including food details 
(brand name, preparation method, etc.) and amount consumed. Food data were 
entered in to the Nutrition Data System for Research (NDSR) for analysis of 
nutrient intake and self-reported consumption of fruits, vegetables and sugar-
containing foods and beverages.  
 
Intervention Program 
Intervention participants attended two sessions per week for 90 minutes each 
at South Mountain Community Center. Each session consisted of 45 minutes of 
physical activity and 45 minutes of a group-based interactive nutrition lesson with 
the primary goals of increasing fruit and vegetable intake and reducing consumption 
of sugar-containing foods and beverages. The nutrition classes emphasized change at 
both a personal and household level and included group discussions and interactive 
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lessons, including a range of classes from improving lifestyle habits and reading 
nutrition labels to hands-on cooking demonstrations and meal planning (Table 1). 
One of the aims of this intervention was to give participants the knowledge 
and skills they need to improve the HFE and their subsequent eating patterns as 
well as eating habits of their family. To accomplish this goal, the concept of the HFE 
and the influence it has on eating behavior was explained to the participants and 
strategies for improvement were suggested. Some of these suggestions included 
preparing ready to eat fruits and vegetables for easy access and convenience, pre-
portioning nuts and seeds for snacks, purchasing high fiber/low sugar cereals, 
selecting low sugar/light yogurts, buying reduced fat cheese and removing unhealthy 
food options such as chips, candy, sugar-sweetened beverages, desserts and 
processed frozen foods from the home.  
Participants in the wait-list control group did not receive any contact from 
the intervention team until after all data collection had been completed and were 
then invited to attend the same 12-week intervention program.  
 




All analyses were conducted using SPSS software (Statistical Package for the 
Social Sciences 22.0, IBM, 2013), fixing statistical significance at p<0.05. Baseline 
data for intervention and wait-list control group participants were compared using 
Chi-square and Fisher’s exact tests for categorical participant characteristics 
Table 1. Nutrition intervention session topics
Session Intervention Topic
1 Introduction to Athletes for Life Program
2 Reaching Your Goals
3 Chronic Disease: Reducing your risk (Food preparation)
4 Lifestyle Habits: Making good nutrition and physical activity a way of life
5 Nutrition 101: Basics of nutrition
6 The Power of Plants (Food preparation)
7 Reading Labels
8 Portion Control
9 Energy Density vs. Nutrient Density (Food preparation)
10 Energy Density vs. Nutrient Density (Food preparation)
11 The Power of Positivity
12 Controlling Blood Sugar
13 Controlling Blood Fats
14 Meal Planning and Grocery Shopping
15 Environmental Restructuring: Making the healthy choice the easy choice
16 Get Moving: Reducing screen time
17 Smart Snacking
18 Transforming Your Favorite Recipes
19 Damage Control: Avoiding holiday weight gain
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(gender, ethnicity, education, household monthly income and public food assistance 
status). For continuous variables including age, household size (adults and children) 
and BMI, an independent samples t-test was used for normally distributed variables 
while the Wilcoxon Mann-Whitney U test was used for variables with non-normal 
distribution. 
Intervention effects on the availability of vegetables, fruit, prepared desserts, 
sugar-sweetened beverages, candy and breakfast cereal in the homes of participants 
were examined using Poisson mixed model regression analyses. Each model included 
time of assessment (baseline versus follow-up), allocation group (intervention versus 
wait-list control) and a time by group interaction term, with number of days since 
the last food-shopping trip at each time point and household size as covariates. The 
intervention effect was tested via the time by group interaction, in that a significant 
interaction would indicate between-group differences in change of availability from 
baseline to post-intervention. Items included in each of the home food availability 
variables are listed in Table 2. 
Relationships between change in adult vegetable, fruit, dessert, sugar-
sweetened beverage and select nutrient intake and change in food group availability 
was assessed using a linear mixed model regression, with time of assessment 
(baseline and follow-up) treated as being nested within participants. In these 
models, the variety of food group availability at each time point was used to predict 
food group and nutrient intake at the same time point. Random person-level 
intercepts were included in these models. Intake variables of interest that have 
demonstrated correlation with fruit and vegetable intake included total number of 
daily fruit and vegetable servings, vitamin C (mg) and fiber (g).25 Additionally, 
  56 
intake variables assessed that were related to availability of sugar-sweetened 
beverages, desserts, candy and sugary cereals included total number of daily sugar-
sweetened beverage and dessert servings, daily percent energy from fat, daily 
percent energy from carbohydrates, sugar (g) and added sugar (g). 
 
 
Table 2. Home food availability categories
Food Category Items Included
Vegetables
Fresh, canned/jarred and frozen varieties of asparagus, beets, bell 
peppers, broccoli, cabbage, cauliflower, carrots, celery, corn, cucumbers, 
green beans, lettuce, mushrooms, peas, spinach/other greens, squash, 
sweet potatoes, tomatoes and mixed vegetables
Fruit
Fresh, canned/jarred, frozen and dried apples, applesauce, apricots, 
avocado, bananas, blueberries, cranberries, dates, grapes, grapefruit, 
kiwi, lemons/limes, mango, melons, mixed fruit/fruit cocktail, nectarines, 




Store-bought or homemade brownies/bars, other snack cakes, pastries, 
sweet rolls, donuts, flan, pan dulce, ice cream, pudding, Jell-O, and 
regular or reduced-fat cookies, cake/cupcakes and muffins 
Candy
Chocolate candy, hard candy, gummies, fruit rollups, fruit snacks or other 
fruit-based candy and chewy candy
Sugar-sweetened 
beverages
Regular soda pop, prepared iced teas or lemonade, sports drinks, fruit 
drinks (non-100% fruit juice), flavored milk (any flavor), energy drinks 
and aguas frescas
Beverages with    
no added sugar
Diet soda pop, prepared light iced teas or lemonade, diet sports drinks, 
diet fruit drinks (non-100% fruit juice), bottled water and plain milk
WIC-approved 
cereals
Breakfast cereals with no more than 6 grams of sugar per 1 dry ounce of 
cereal




Descriptive Characteristics  
 Baseline participant characteristics are shown in Table 3. A total of 26 
households participating in the AFL3 program allowed a HFI to take place at both 
baseline and follow-up, with half of these households belonging to the intervention 
group and the other half to the wait-list control group. Out of these participants, 21 
adults returned completed three-day food records with 10 adults belonging to the 
intervention group and 11 adults belonging to the wait-list control group (Figure 1). 
The participants were primarily female (96.2%) with a mean age of 37.5 ± 7.2 years 
and most identified as Hispanic or Latino (96.2%). The majority of adult participants 
attended and/or completed high school (53.8%) and twenty-three percent attended 
college or other higher education. Twenty-three percent of participants had a 
monthly household income between $1,000 and $1,999 and the mean household size 
of study participants was 2.4 ± 0.9 adults and 2.8 ± 1.5 children. About fifty-percent 
of participants received some form of public food assistance (Supplemental Nutrition 
Assistance Program [SNAP]/Electronic Benefits Transfer [EBT]/food stamps or WIC) 
and the mean BMI of the adult participants was 31.9 ± 5.3 kg/m2. There were no 
significant differences in socio-demographic characteristics between participants 
allocated to the intervention or wait-list control groups (Table 3).    
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Home Food Availability  
Descriptive means for the number of vegetables, fruits, prepared desserts, 
sugar-sweetened beverages, candy, WIC-approved cereal and non WIC-approved 
cereal present at participant homes can be found in Table 4 along with change in 
Table 3. Characteristics of participants at baseline
Overall Intervention Wait-list control
Characteristic (n  = 26) (n  = 13) (n  = 13)
Gender, n  (%)
        Female 25 (96.2) 13 (100) 12 (92.3) 1.000
Age (yr)
1
37.5 ± 7.2 38.4 ± 7.8 36.6 ± 6.7 0.542
5a
Ethnicity, n  (%) 1.000
        Black non-Hispanic 1 (3.8) 1 (7.7) 0 (0.0)
        Hispanic or Latino 25 (96.2) 12 (92.3) 13 (100.0)
Education, n (%) 0.286
        Less than high school
2
6 (23.1) 1 (7.7) 5 (38.5)
        Some high school or high school
3
14 (53.8) 8 (61.5) 6 (46.2)
        Some college or higher 6 (23.1) 4 (30.8) 2 (15.4)
Household monthly income, n  (%) 0.098
        $1000 to $1999 6 (23.1) 1 (7.7) 5 (19.2)
        $2000 to $2999 9 (34.6) 4 (30.8) 5 (38.5)
        $3000 or more 6 (23.1) 5 (38.5) 1 (7.7)
Household size
1
        Adults 2.4 ± 0.9 2.3 ± 0.8 2.5 ± 1.0 0.814
5b
        Children 2.8 ± 1.5 2.6 ± 1.0 2.9 ± 1.9 0.979
5b
Public Food Assistance, n  (%)
        SNAP/EBT/Food stamps 6 (23.1) 2 (15.4) 4 (30.8) 0.645
        WIC 9 (34.6) 4 (30.8) 5 (38.5) 1.000
        None 13 (50.0) 8 (61.5) 5 (38.5) 0.239
Body Mass Index (BMI)
1





Attended none or some schooling through 8th grade
3
Attended anywhere from 9th through 12th grade, GED, trade/vocational school certificate
4




Mean values were compared using an independent samples t-test for normally distributed variables
a
 or a 
Wilcoxon Mann-Whitney U test
b
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availability from pre- to post-intervention for both the intervention and wait-list 
control groups. These means are displayed for descriptive purposes only. All 
statistical analyses on these data are shown in subsequent tables.  
At baseline, intervention and control participants had a comparable number 
of vegetable items available in the home (6.91 ± 3.15 and 7.77 ± 1.92 items, 
respectively). At follow-up, the number of vegetable items increased by 3.62 ± 3.45 
and 0.15 ± 2.54 items among intervention and control participants, respectively. 
Baseline sugar-sweetened beverage availability in the intervention and wait-list 
control groups was similar with respective home availability of 2.77 ± 1.36 and 3.38 
± 1.61 items. The number of sugar-sweetened beverage items available at follow-up 
decreased by 0.31 ± 1.38 and 1.15 ± 1.91 items in the intervention and wait-list 
control group, respectively. Lastly, baseline WIC-approved cereal items in the 
intervention and wait-list control groups was comparable with 1.00 ± 1.08 and 1.62 ± 
1.19 items, respectively. The number of WIC-approved cereal items increased in the 
intervention group by 1.31 ± 1.03 items, while having no change in the wait-list 
control group (0.00 ± 1.15 items) at follow-up. At baseline, intervention participants 
had a comparable number of fruits, prepared desserts, candy and non WIC-approved 
cereals in the household (Table 4). Changes observed in the number of these items 
by follow-up were small and of similar magnitude between groups. 
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Intervention effects on home food availability was assessed using Poisson 
mixed model regressions. Table 5 shows coefficients, 95% confidence intervals and p-
values for the regression models for each food availability variable and Table 6 
shows model-adjusted means, standard errors and within group change estimates, 
after adjusting for number of days since the last food-shopping trip and household 
size. There was a significant time by group interaction for the number of vegetable 
items available in the household (pTime*Group=0.015), suggesting that the 56.2% 
increase in vegetable availability at home observed among intervention group 
Pre-intervention Post-intervention Change from pre to post
Home food availability categories Mean ± SD Mean ± SD Mean ± SD
Vegetables (# items)
        Intervention (n  = 13) 6.92 ± 3.15 10.54 ± 2.26 3.62 ± 3.45
        Wait-list control  (n  = 13) 7.77 ±  1.92 7.92 ± 3.12 0.15 ± 2.54
Fruit (# items)
        Intervention (n  = 13) 8.15 ± 4.04 9.23 ± 3.40 1.08 ± 3.82
        Wait-list control  (n  = 13) 5.92 ± 2.66 7.23 ± 3.11 1.31 ± 2.90
Prepared desserts (# items)
        Intervention (n  = 13) 2.15 ± 1.77 1.38 ± 1.19 -0.77 ± 2.32
        Wait-list control  (n  = 13) 1.77 ± 1.64 2.00 ± 1.87 0.23 ± 2.42
Sugar-sweetened beverages (# items)
        Intervention (n  = 13) 2.77 ± 1.36 2.46 ± 1.94 -0.31 ± 1.38
        Wait-list control  (n  = 13) 3.38 ± 1.61 2.23 ± 1.24 -1.15 ± 1.91
Candy (# items)
        Intervention (n  = 13) 1.08 ± 1.32 0.85 ± 0.69 -0.23 ± 1.01
        Wait-list control  (n  = 13) 0.77 ± 1.17 0.54 ± 1.20 -0.23 ± 0.73
WIC-approved cereal (# items)
        Intervention (n  = 13) 1.00 ± 1.08 2.31 ± 0.95 1.31 ± 1.03
        Wait-list control  (n  = 13) 1.62 ± 1.19 1.62 ± 1.45 0.00 ± 1.15
Non WIC-approved cereal (# items)
        Intervention (n  = 13) 1.69 ± 1.38 1.85 ± 1.91 0.15 ± 1.28
        Wait-list control (n  = 13) 1.38 ± 1.56 1.77 ± 1.69 0.38 ± 1.56
*Statistical analysis will be shown in subsequent table
Table 4. Descriptive means by group for pre- and post-intervention home availability of vegetables, 
fruit, prepared desserts, sugar-sweetened beverages, candy and breakfast cereal*
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participants (+3.88 ± 0.85 items; p=0.006) was significantly different than the 1% 
change observed among wait-list control group participants (+0.08 ± 0.63 items; n.s.) 
(Figure 2). 
Additionally, there was a significant time by group interaction for the 
number of WIC-approved cereal items available in the household (pTime*Group=0.033), 
suggesting that the 122.1% increase in WIC-approved cereal availability at home 
observed among intervention group participants (+1.16 ± 0.31 items; p=0.003) was 
significantly different than the 0% change observed among wait-list control group 
participants (0.00 ± 0.28 items; n.s.) (Figure 3). The number of days since the last 
food-shopping trip at each time point approached significance in non WIC-approved 
cereal availability (p=0.058).  
Although there was no significant time by group interaction for the number 
of sugar-sweetened beverage items available in the household, wait-list control 
participants significantly decreased the availability of sugar-sweetened beverages in 
their homes by 1.18 ± 0.43 items (p=0.014), which was not significantly different 
than the insignificant intervention group change of -0.46 ± 0.37 items (Figure 4).  
The number of days since the last food-shopping trip at each time point was a 
significant predictor in sugar-sweetened beverage availability (p=0.026). 
Additionally, time of assessment emerged as a significant covariate for sugar-
sweetened beverage availability (p=0.020).  
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Home food availability categories Lower Upper
Vegetables
        Time of assessment 0.010 -0.189 0.210 0.904
        Allocation group -0.107 -0.412 0.197 0.457
        Household size 0.017 -0.070 0.105 0.440
        Days since last shopping trip -0.010 -0.034 0.015 0.431
        Time * Group 0.435 0.110 0.761 0.015
Fruit
        Time of assessment 0.192 -0.036 0.421 0.096
        Allocation group 0.304 -0.059 0.667 0.097
        Household size -0.021 -0.108 0.065 0.557
        Days since last shopping trip -0.009 -0.037 0.020 0.546
        Time * Group -0.094 -0.453 0.265 0.589
Prepared desserts
        Time of assessment 0.125 -0.611 0.861 0.716
        Allocation group 0.177 -0.491 0.845 0.584
        Household size -0.055 -0.307 0.196 0.628
        Days since last shopping trip 0.006 -0.062 0.074 0.866
        Time * Group -0.485 -1.517 0.547 0.334
Sugar-sweetened beverages
        Time of assessment -0.433 -0.781 -0.085 0.020
        Allocation group -0.234 -0.634 0.167 0.233
        Household size -0.035 -0.157 0.088 0.455
        Days since last shopping trip -0.058 -0.108 -0.007 0.026
        Time * Group 0.245 -0.267 0.757 0.323
Candy
        Time of assessment -0.153 *** *** ***
        Allocation group 0.327 *** *** ***
        Household size -0.593 *** *** ***
        Days since last shopping trip -0.164 *** *** ***
        Time * Group 0.581 *** *** ***
WIC-approved cereal
        Time of assessment 0.001 -0.469 0.470 0.997
        Allocation group -0.437 -1.145 0.272 0.217
        Household size -0.072 -0.231 0.087 0.361
        Days since last shopping trip 0.007 -0.054 0.067 0.826
        Time * Group 0.796 0.075 1.516 0.033
Non WIC-approved cereal
        Time of assessment 0.215 -0.497 0.927 0.408
        Allocation group 0.227 -0.561 1.016 0.551
        Household size -0.189 -0.454 0.075 0.151
        Days since last shopping trip 0.093 -0.010 0.195 0.058
        Time * Group -0.031 -0.702 0.639 0.921
Table 5. Coefficients, 95% confidence intervals and p-values from Poisson mixed model regressions 
assessing intervention effects on home food availability of vegetables, fruit, prepared desserts, sugar-
sweetened beverages, candy and breakfast cereal




Adjusted mixed model regression analysis by number of days since the last food-shopping trip and household size





Pre-intervention Post-intervention Estimates of within group change
Home food availability categories Mean ± SE Mean ± SE Mean ± SE
Vegetables (# items)
        Intervention (n  = 13) 6.91 ± 0.82 10.79 ± 0.59 3.88 ± 0.85 0.006
        Wait-list control  (n  = 13) 7.70 ± 0.54 7.78 ± 0.80 0.08 ± 0.63 0.904
Fruit (# items)
        Intervention (n  = 13) 7.90 ± 1.02 8.72 ± 0.90 0.82 ± 0.99 0.426
        Wait-list control  (n  = 13) 5.83 ± 0.69 7.07 ± 0.84 1.24 ± 0.73 0.102
Prepared desserts (# items)
        Intervention (n  = 13) 2.12 ± 0.45 1.48 ± 0.33 -0.64 ± 0.60 0.293
        Wait-list control  (n  = 13) 1.78 ± 0.45 2.01 ± 0.49 0.24 ± 0.63 0.716
Sugar-sweetened beverages (# items)
        Intervention (n  = 13) 2.65 ± 0.39 2.20 ± 0.51 -0.46 ± 0.37 0.241
        Wait-list control  (n  = 13) 3.35 ± 0.39 2.18 ± 0.29 -1.18 ± 0.43 0.014
Candy (# items)
        Intervention (n  = 13) 0.58 ± 0.36 0.34 ± 0.20 -0.24 ± 0.21 ***
        Wait-list control  (n  = 13) 0.09 ± 0.04 0.07 ± 0.03 -0.03 ± 0.03 ***
WIC-approved cereal (# items)
        Intervention (n  = 13) 0.95 ± 0.27 2.11 ± 0.24 1.16 ± 0.31 0.003
        Wait-list control  (n  = 13) 1.47 ± 0.29 1.47 ± 0.33 0.00 ± 0.28 0.997
Non WIC-approved cereal (# items)
        Intervention (n  = 13) 1.29 ± 0.32 1.55 ± 0.49 0.26 ± 0.32 0.440
        Wait-list control (n  = 13) 1.02 ± 0.29 1.27 ± 0.34 0.25 ± 0.26 0.406
Adjusted mixed model regression analysis by group, baseline availability, number of days since the last food-shopping trip and household size
*** Convergence not achieved
Table 6. Adjusted means for pre- and post-intervention home availability and within group change estimates from Poisson mixed model 
regressions for vegetables, fruit, prepared desserts, sugar-sweetened beverages, candy and breakfast cereal 
P-value




Figure 2. Change in vegetable home availability (# items), shown as adjusted 

























Figure 3. Change in WIC-approved cereal home availability (# items), shown 
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There were no other significant within-person associations observed in home 
food availability of fruit, prepared desserts, sugar-sweetened beverages or non WIC-
approved cereals. Furthermore, the statistical model used was not appropriate for 
detecting effects on candy availability based on the distribution of the data and the 
large number of households in which candy availability was very low. 
 
Food and Nutrient Intake  
Descriptive means for intake of vegetables, fruit, prepared desserts, sugar-
sweetened beverages, energy, percent energy from fat, percent energy from 
carbohydrates, percent energy from protein, dietary fiber, vitamin C, total sugar and 
added sugar can be found in Table 7 along with change in intake from pre- to post-
Figure 4. Change in sugar-sweetened beverage home availability (# items), 
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intervention for both the intervention and wait-list control groups. Not all adult 
participants returned food record data, leading to a smaller sample size for this 
analysis (n=21). These means are displayed for descriptive purposes only. All 
statistical analyses on these data are shown in subsequent tables. Servings of 
vegetables are defined according to the 2010 Dietary Guidelines for Americans and 
include 1 cup of raw leafy vegetables or ½ cup of other cooked or raw vegetables.52 
Fruit servings are defined as one medium apple, banana, orange or pear, ½ cup of 
chopped, cooked or canned fruit, or ¼ cup of dried fruit.52  
At baseline, intervention participants had a comparable intake of vegetables, 
fruits, prepared desserts sugar-sweetened beverages, total energy, percent energy 
from fat, carbohydrates and protein, dietary fiber, vitamin C, total sugar and added 
sugar (Table 7). Changes observed in the number of these items by follow-up were 
small and of similar magnitude between groups.  
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Pre-intervention Post-intervention Change from pre to post
Intake categories Mean ± SD Mean ± SD Mean ± SD
Vegetables (servings/day)
        Intervention (n  = 10) 3.04 ± 1.93 2.75 ± 1.25 -0.30 ± 1.32
        Wait-list control  (n  = 11) 1.91 ± 1.13 2.73 ± 1.97 0.81 ± 1.76
Fruit (servings/day)
        Intervention (n  = 10) 1.85 ± 1.19 1.95 ± 1.27 0.10 ± 1.27
        Wait-list control  (n  = 11) 1.19 ± 0.91 1.28 ± 0.98 0.08 ± 1.27
Prepared desserts (servings/day)
        Intervention (n  = 10) 0.82 ± 0.79 0.44 ± 0.87 -0.38 ± 0.77
        Wait-list control  (n  = 11) 0.59 ± 0.39 0.55 ± 0.69 -0.04 ± 0.60
Sugar-sweetened beverages (servings/day)
        Intervention (n  = 10) 0.45 ± 0.64 0.31 ± 0.35 -0.14 ± 0.44
        Wait-list control  (n  = 11) 0.80 ± 0.97 0.65 ± 0.72 -0.16 ± 0.69
Energy (kcals/day)
        Intervention (n  = 10) 1692 ± 322 1607 ± 571 -85 ± 615
        Wait-list control  (n  = 11) 1718 ± 326 1495 ± 582 -223 ± 328
% Energy from fat
        Intervention (n  = 10) 31.5 ± 2.5 34.0 ± 8.8 2.5 ± 7.9
        Wait-list control  (n  = 11) 31.9 ± 5.0 29.8 ± 6.0 -2.1 ± 6.1
% Energy from carbohydrate
        Intervention (n  = 10) 49.8 ± 4.8 47.7 ± 7.4 -2.1 ± 7.6
        Wait-list control  (n  = 11) 49.7 ± 4.4 51.5 ± 6.7 1.8 ± 5.9
% Energy from protein
        Intervention (n  = 10) 18.8 ± 3.0 18.3 ± 3.5 -0.5 ± 4.0
        Wait-list control  (n  = 11) 18.4 ± 4.2 18.7 ± 3.0 0.3 ± 3.6
Dietary fiber (g/day)
        Intervention (n  = 10) 20.7 ± 7.8 22.2 ± 8.5 1.5 ± 7.9
        Wait-list control  (n  = 11) 18.1 ± 4.8 17.6 ± 5.9 -0.4 ± 6.4
Vitamin C (mg/day)
        Intervention (n  = 10) 82.3 ± 43.8 97.2 ± 56.0 14.9 ± 42.3
        Wait-list control  (n  = 11) 57.4 ± 29.7 80.9 ± 48.5 23.4 ± 57.1
Total sugar (g/day)
        Intervention (n  = 10) 80.7 ± 37.0 69.4 ± 29.7 -11.3 ± 35.5
        Wait-list control  (n  = 11) 72.6 ± 19.8 68.6 ± 29.5 -4.0 ± 28.8
Added sugar (g/day)
        Intervention (n  = 10) 36.4 ± 30.5 30.9 ± 25.2 -5.5 ± 15.6
        Wait-list control  (n  = 11) 36.8 ± 26.9 35.6 ± 29.3 -1.2 ± 28.0
*Statistical analysis will be shown in subsequent table
Table 7. Descriptive means by group for pre- and post-intervention intake of vegetables, fruit, desserts, 
sugar-sweetened beverages and select relevant nutrients*
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Table 8 shows model-adjusted means, standard errors and within group 
change estimates, after adjusting for group and baseline intake. There were no 
significant changes in food-group or relevant nutrient intake in either the 
intervention or wait-list control groups.  
 
 
Pre-intervention Post-intervention Estimates of within group change
Intake categories Mean ± SE Mean ± SE Mean ± SE
Vegetables (servings/day)
        Intervention (n  = 10) 3.04 ± 0.50 2.75 ± 0.53 -0.30 ± 0.50 0.558
        Wait-list control  (n  = 11) 1.91 ± 0.47 2.73 ± 0.50 0.82 ± 0.47 0.101
Fruit (servings/day)
        Intervention (n  = 10) 1.85 ± 0.33 1.95 ± 0.36 0.10 ± 0.40 0.807
        Wait-list control  (n  = 11) 1.19 ± 0.32 1.28 ± 0.34 0.08 ± 0.38 0.829
Prepared desserts (servings/day)
        Intervention (n  = 10) 0.82 ± 0.19 0.44 ± 0.25 -0.38 ± 0.22 0.099
        Wait-list control  (n  = 11) 0.59 ± 0.18 0.55 ± 0.24 -0.04 ± 0.21 0.865
Sugar-sweetened beverages (servings/day)
        Intervention (n  = 10) 0.45 ± 0.26 *** *** ***
        Wait-list control  (n  = 11) 0.8 ± 0.25 *** *** ***
Energy (kcals/day)
        Intervention (n  = 10) 1692 ± 103 1607 ± 182 -85 ± 154 0.584
        Wait-list control  (n  = 11) 1718 ± 98 1495 ± 174 -223 ± 146 0.144
% Energy from fat
        Intervention (n  = 10) 31.5 ± 1.3 34.0 ± 2.4 2.5 ± 2.2 0.275
        Wait-list control  (n  = 11) 31.9 ± 1.2 29.8 ± 2.2 -2.1 ± 2.1 0.331
% Energy from carbohydrate
        Intervention (n  = 10) 49.8 ± 1.5 47.7 ± 2.2 -2.1 ± 2.1 0.338
        Wait-list control  (n  = 11) 49.7 ± 1.4 51.5 ± 2.1 1.8 ± 2.0 0.396
% Energy from protein
        Intervention (n  = 10) 18.8 ± 1.2 18.3 ± 1.0 -0.5 ± 1.2 0.702
        Wait-list control  (n  = 11) 18.4 ± 1.1 18.7 ± 1.0 0.3 ± 1.2 0.787
Dietary fiber (g/day)
        Intervention (n  = 10) 20.7 ± 2.0 22.2 ± 2.3 1.5 ± 2.3 0.517
        Wait-list control  (n  = 11) 18.1 ± 1.9 17.6 ± 2.2 -0.4 ± 2.2 0.839
Vitamin C (mg/day)
        Intervention (n  = 10) 82.3 ± 11.7 97.2 ± 16.5 14.9 ± 16.0 0.364
        Wait-list control  (n  = 11) 57.5 ± 11.2 80.9 ± 15.7 23.4 ± 15.3 0.141
Total sugar (g/day)
        Intervention (n  = 10) 80.7 ± 9.3 69.4 ± 9.4 -11.3 ± 10.2 0.279
        Wait-list control  (n  = 11) 72.6 ± 8.8 68.6 ± 8.9 -4.0 ± 9.7 0.682
Added sugar (g/day)
        Intervention (n  = 10) 36.4 ± 9.1 30.9 ± 8.7 -5.5 ± 7.3 0.459
        Wait-list control  (n  = 11) 36.8 ± 8.7 35.6 ± 8.3 -1.2 ± 6.9 0.865
Adjusted mixed model regression analysis by group and baseline intake
*** Convergence not achieved
Table 8. Adjusted means for pre- and post-intervention intake of vegetables, fruit, desserts, sugar-sweetened beverages and select 
relevant nutrients and within group change from linear mixed model regressions
P-value
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Analyses from linear mixed model regressions indicate no significant 
associations between variety of home food availability categories and intake of 
related foods and/or nutrients although significance was approached for availability 
of fruit in predicting intake of vitamin C (p=0.061) and availability of WIC-approved 
cereal in predicting percent energy from carbohydrates (p=0.055) (Tables 9 & 10).  
 
 
Vegetable intake Fruit intake SSB Intake Dessert intake
Home food availability categories (servings) (servings) (servings) (servings)
Vegetables
        Estimate of fixed effect 0.11
        Confidence interval (-0.04, 0.49)
        P-value 0.141
Fruit
        Estimate of fixed effect 0.08
        Confidence interval (-0.02, 0.18)
        P-value 0.108
Sugar-sweetened beverages
        Estimate of fixed effect 0.03
        Confidence interval (-0.08, 0.13)
        P-value 0.610
Beverages with no added sugar
        Estimate of fixed effect 0.06
        Confidence interval (-0.15, 0.28)
        P-value 0.547
Desserts
        Estimate of fixed effect -0.016
        Confidence interval (-0.12, 0.09)
        P-value 0.767
Table 9. Estimates of fixed effects, 95% confidence intervals and p-values from linear mixed model 
regressions with variety of food group availability predicting intake of vegetable, fruit, sugar-
sweetened beverage and dessert servings
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Energy Dietary fiber Vitamin C Total sugar Added sugar
Home food availability categories (Kcal) (g) (mg) (g) (g)
Vegetables
        Estimate of fixed effect -15.23 0.16 2.80
        Confidence interval (-53.26, 22.80) (-0.47, 0.79) (-1.41, 7.00)
        P-value 0.421 0.608 0.186
Fruit
        Estimate of fixed effect -25.98 -0.34 3.87 2.13
        Confidence interval (-60.80, 8.84) (-0.95, 0.27) (-0.19, 7.92) (-0.63, 4.90)
        P-value 0.139 0.265 0.061 0.126
Sugar-sweetened beverages
        Estimate of fixed effect -27.33 0.31 2.37 2.34
        Confidence interval (-104.68, 50.02) (-0.80, 1.41) (-3.37, 8.11) (-2.25, 6.93)
        P-value 0.476 0.575 0.409 0.307
Beverages with no added sugar
        Estimate of fixed effect 48.72 -0.04 9.11 2.02
        Confidence interval (-138.04, 235.48) (-2.60, 2.52) (-2.70, 20.92) (-8.15, 12.19)
        P-value 0.600 0.975 0.126 0.688
Desserts
        Estimate of fixed effect -6.21 -0.23 0.52 2.18 1.15
        Confidence interval (-68.90, 56.49) (-1.09, 0.62) (-0.38, 1.41) (-2.64, 7.00) (-2.63, 4.92)
        P-value 0.840 0.577 0.246 0.364 0.538
Candy
        Estimate of fixed effect 1.12 0.89 5.29 1.95
        Confidence interval (-105.27, 107.50) (-0.59, 2.37) (-3.27, 13.84) (-5.68, 9.59)
        P-value 0.983 0.227 0.217 0.607
WIC-approved cereal
        Estimate of fixed effect 12.28 -1.32 0.40 3.32 0.69
        Confidence interval (-90.53, 115.09) (-2.67, 0.03) (-1.31, 2.10) (-4.19, 10.82) (-5.60, 6.97)
        P-value 0.809 0.055 0.638 0.377 0.826
Non WIC-approved cereal
        Estimate of fixed effect -3.30 0.91 0.96 0.50 -0.10
        Confidence interval (-90.11, 83.51) (-0.25, 2.06) (-0.47, 2.39) (-5.63, 6.64) (-5.53, 5.34)
        P-value 0.938 0.119 0.179 0.868 0.971
Table 10. Estimates of fixed effects, 95% confidence intervals and p-values from linear mixed model regressions with variety of 
food group availability predicting intake of select macro- and micronutrients
% Energy       
Fat
% Energy    
CHO




The purpose of this secondary data analysis was to assess the efficacy of a 12-
week community-based, family-focused intervention program in improving home 
food environments of families living in the South Phoenix area. This secondary data 
analysis was conducted to address gaps in literature related to the assessment of 
how a family and/or community-based intervention program impacts the HFE, using 
a validated tool to measure change in variety of targeted foods such as fruits, 
vegetables and sugar-sweetened foods and beverages. To our knowledge, there have 
not been any previous studies evaluating change in the HFE using a modified 
version of the HFI,25 following a randomized controlled trial.  
Findings from the current study suggest that following the 12-week 
community and family-focused AFL3 intervention program, active intervention 
participants increased the variety of vegetables and WIC-approved cereals available 
in their homes. These findings demonstrate that the AFL3 intervention program 
was successful in implementing a positive, albeit small, change at a household level 
which lends the opportunity to household members to make dietary behavior 
improvements. These findings could be used to inform future research, as 
interventions modeled after AFL3 should be able to elicit similar improvements. 
Additionally, these findings support the use of the measurement tool and usability 
by research staff in participant homes. Having an effective method for measuring 
the HFE will help future dietary intervention programs assess efficacy of their 
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program in eliciting behavior change by measuring change in their study participant 
home food availability. 
 
Availability of Fruits and Vegetables 
For the current study, it was hypothesized that relative to the wait-list 
control group, participation in AFL3 would result in greater availability of fruits and 
vegetables among intervention group participants. Intervention group participants 
increased the number of vegetables, but not fruit, available at home. 
There is scant literature documenting intervention effects on fruit and 
vegetable availability. Most of the research focuses on demonstrating a relationship 
between availability and accessibility of healthful foods in the home with intake 
(especially in children)16,83,86 but do not assess change in the actual HFE in response 
to behavioral interventions. Two studies, however, demonstrated change in home 
food fruit and vegetable availability as a result of community-based intervention 
programs.18,19 One of these studies was similar to AFL3 in using coaching, family 
goal setting and behavioral modification which resulted in increased combined fruit 
and vegetable availability and decreased unhealthy snacks relative to their 
comparison group.18 Another study provided a garden-based fruit and vegetable 
intervention for children and parents reported a significant increase in vegetable 
and fruit availability in the home.19 Although both of these studies found 
improvements in fruit and vegetable availability following their intervention 
programs, measures of the home food environment were completed by participant 
self-report. 
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Other research related to home food availability focuses on intake as a result 
of improved availability and accessibility and usually focuses on child populations. 
These studies have found that in children, increased availability and accessibility of 
fruits and vegetables improves intake of these foods16,86 and that there is a 
significant relationship between a more-healthful/less-healthful home food ratio and 
fruit and vegetable intake.16 Additionally, other research has observed increased 
fruit and vegetable intake in parents who attended a fruit and vegetable 
intervention compared to a group aiming to reduce high-fat/high-sugar foods.101 In 
both parents and children, the program that aimed to increase fruit and vegetable 
consumption also subsequently led to a decrease in high-fat/high-sugar intake.101 
These findings suggest that an increase in fruit and vegetable intake may help 
improve overall dietary quality. However, in our study, we observed that an increase 
in vegetable availability did not correlate with an increase in vegetable food group 
intake.  
In a separate randomized controlled study aimed at increasing fruit, juice 
and vegetable (FJV) consumption in children, researchers reported a similar finding 
to ours, related to increased vegetable (in this case, intake) but not fruit, as a result 
of their intervention program.102 Results indicated a significant increase in vegetable 
and combined FJV consumption but no significant increase in fruit-only intake 
relative to the control group.102 Researchers suggested that these findings were 
related to a strong emphasis on vegetable consumption during the first year of the 
program but were unsure as to why there was not a greater increase in fruit 
consumption following their program.102  
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Our observation of a significant increase in vegetable availability in 
intervention participant homes, relative to the wait-list control group provides 
potential for dietary behavior change. It is possible that we did not see similar 
significant increases in household fruit availability because both groups increased 
the number of fruit items available at home. It is possible that this occurred as a 
result of seasonality of fruits in Arizona or due to the time of year, as the post-
intervention data collection occurred between Thanksgiving and Christmas holidays. 
In-season cost of fruit could have played an additional role, as winter fruits (apples 
and citrus) are usually cheaper than summer fruits (berries). We also noticed that 
the intervention participants had a higher number of fruits available in the home at 
baseline (7.90 ± 1.02 versus 5.83 ± 0.69) which may have already been close to the 
number of available fruit varieties in the grocery stores around this time of the year. 
Lastly, in studies with larger sample sizes, multicomponent randomized controlled 
intervention programs which emphasized increasing availability and accessibility of 
fruits and vegetables have found significant increases in fruit or vegetable 
consumption.103-105 It is possible that our sample size was too small to detect small 
changes in fruit and vegetable availability. Given the body of research 
demonstrating significant associations between availability and intake, our findings 
of increased availability are a step in the right direction that may be able to elicit 
behavior change at a household level. 
 
Availability of Sugar-Sweetened Beverages and Desserts 
In our secondary data analysis, we also hypothesized that relative to the 
wait-list control group, AFL3 intervention participants would have less variety of 
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sugar-sweetened beverages and desserts available in their home, following the 
intervention program. This hypothesis was not supported and a significant decrease 
in sugar-sweetened beverage availability was only measured in wait-list control 
homes.  
As previously mentioned, very little research has been conducted on the 
prevalence of foods within the HFE because most of this is done on actual 
consumption of these items. Very few existing community-based, family-focused 
intervention programs have assessed or reported results related to change in home 
availability of sugar-sweetened foods and beverages.  
As with fruit and vegetable availability, there have been studies 
demonstrating a relationship between availability of sugar-sweetened beverages and 
intake. Significant associations between home food availability and child Healthy 
Eating Index (HEI) scores were observed related to soda and juice with houses 
reporting soda and juice availability having a poorer child HEI score than those who 
reported no availability of soda or juice.106 Additionally, interventions aiming to 
improve sugar consumption through improving quality of foods at home, have 
reported decreases in child consumption of sugar-sweetened desserts and sweetened 
foods (other than desserts) as well as less table sugar.21,107 In these studies 
demonstrating an association between home food availability and consumption, 
larger sample sizes were recruited than that which was used in the AFL3 secondary 
data analysis. Our small sample size could be contributing to our lack of significant 
findings related to sugar-sweetened beverage and food availability. 
Lastly, one study indicated that adult participants (parents) who initially had 
the lowest fruit and vegetable intake demonstrated greater increase in these healthy 
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foods while participants with higher initial levels of high-fat and high-sugar foods 
had greater reductions in these unhealthy foods.101 Researchers determined that 
their nutrition intervention program had the greatest benefit for participants who 
initially had poorer eating habits.101 Similar to these observations, the AFL3 wait-
list control group had an adjusted mean score of 0.70 more sugar-sweetened 
beverage items in their home at baseline than the intervention group (3.35 ± 0.39 
items versus 2.65 ± 0.39 items, respectively). This poorer baseline measure could 
have contributed to the significant finding of decreased sugar-sweetened beverage 
items, compared to no significant change in the intervention group. It is also possible 
that the intervention group baseline data was closer to the average number of items 
present in most households and that the wait-list control group started out with 
more than the average number of sugar-sweetened beverage items and simply 
regressed to the mean by the end of the intervention. 
 
Availability of Non WIC-Approved Cereals 
 Related to WIC-approved breakfast cereals, we hypothesized that AFL3 
intervention participants would have a decrease in home variety of non WIC-
approved cereals than the wait-list control group. Although we did not see this 
decrease in non WIC-approved breakfast cereals, we did observe a significant 
increase in availability of WIC-approved cereal in intervention participant homes. 
Unpublished data from our laboratory suggests similar findings from pre- to 
post- intervention as a result of a quasi-experimental pilot AFL program 
(unpublished observations).28 There is limited research on the availability of WIC-
approved cereal among U.S. households although the USDA reported that WIC 
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participants consumed more WIC-approved cereal than eligible nonparticipants in 
non-WIC households, eligible nonparticipants in WIC-households and ineligible 
nonparticipants.108  
 The AFL3 intervention program strongly emphasized looking at the sugar 
content of cereal before purchasing to make sure it met the WIC requirements which 
may have been more of a promotion for these WIC-approved options rather than 
discouragement from non WIC-approved options. Due to our findings of a significant 
increase in WIC-approved but not decrease in non WIC-approved breakfast cereals, 
it is possible that households purchased healthier cereal options in addition to their 
regular sugar-containing cereals. Additionally, some participants reported 
increasing their purchase of WIC-approved cereal so that they could combine it with 
their child’s high-sugar cereal in order to decrease the amount of sugar consumed 
per serving and increase the likelihood that their child would eat this lower-sugar 
cereal option. 
 
Relationship between Availability and Intake 
The exploratory hypothesis proposed that change in the availability of 
specific food groups (i.e. vegetables, fruits, desserts, etc.) would be related to changes 
in dietary behavior following the AFL3 intervention program. Our analysis of intake 
data did not indicate any significant relationships between availability of food 
groups and dietary intake in the adult population, however we did observe a very 
slight increase in vitamin C consumption related to fruit availability and small 
decrease in percent energy from carbohydrates related to WIC-approved cereal that 
both approached significance. WIC-approved cereals contain higher fiber and lower 
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sugar (possibly leading to a decrease in percent energy from carbohydrate), as the 
WIC program requires that no more than 6 grams of sucrose and other sugars are 
present in 1 dry ounce of cereal and that at least one-half of the cereals listed in the 
authorized food list have whole grain as the primary ingredient.29 
 Although there has been research demonstrating an association between 
increased availability and improved dietary behavior,16,86 there have been mixed 
results with other studies having similar, insignificant findings similar to ours in 
this study.109 It is interesting that although we observed a significant increase in 
intervention participant vegetable availability, there was no significant change in 
vegetable serving intake in this adult population. Relative to the reported mean 
intake of combined fruits and vegetables in U.S. adults which is 3.4 servings per 
day,110 AFL3 intervention participants reported a baseline consumption of 3.04 ± 
1.93 servings of vegetables per day and 1.85 ± 1.19 servings of fruit per day 
(combined total of 4.89 servings of fruits and vegetables), which could explain why 
this consumption did not increase at follow-up in response to greater home 
availability. This high rate of reported consumption could be due to already high 
consumption of fruits and vegetables among AFL3 participants or due to over-
reporting of intake, not allowing us to detect change. Another possibility for the lack 
of association between availability and intake is that the HFE may not be as strong 
of a predictor for adult intake as it is for children. Researchers assessing the 
differences between food environments at home, work and while commuting to and 
from home and work reported that work and commuting domains contributed at 
least equally to the total food environment exposure as the home environment.111 
Another possible reason for not finding an association between home food 
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availability and intake may be due to the timeline of data collection for these 
measures. Not all home food inventories were conducted during the exact time frame 
as the three-day food records, which may explain their disassociation. 
 There were some expected and other non-expected trends observed in our 
availability and intake relationship data, although none of these were significant 
findings. For every one item increase in availability of vegetables, for example, there 
was a slight trend towards small decreases in total daily energy consumption (15 
kcal), and slight increases in dietary fiber (0.2 g) and vitamin C intake (2.8 mg). 
Although these findings would not make a significant difference in overall intake, 
this is what we would expect to see because we would anticipate that individuals 
would replace higher calorie snacks with this low calorie, nutrient-dense alternative, 
and with a larger sample size, it is possible that these findings would become more 
significant. However, with every additional item increase in availability of sugar-
sweetened beverages, our findings suggested a slight trend towards decreased total 
daily energy consumption (27 kcal) which may be explained by replacing another 
high-calorie snack with a sugar-sweetened beverage. Again, this decrease in total 
daily energy consumption from an additional variety of sugar-sweetened beverages 
would not make much of an impact on overall dietary intake, even if it were 
significant. 
Another possible reason for lack of significant findings related to intake could 
be attributed to consumption relative to dietary recommendations. Depending on 
caloric needs, the Dietary Guidelines for Americans recommend 3-4 daily servings of 
vegetables, 4 daily servings of fruit and 3 or less weekly servings of sweets and 
added sugars (based on a 1,600 calorie daily diet).52 Additionally, for adults, it is 
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recommended that 45-65% of energy come from carbohydrates, 10-35% of energy 
come from protein and 20-35% of energy should come from fat.52 Dietary fiber 
recommendation for women between the ages of 31 and 50 years old (the majority 
and average age of our participants) is 25 grams per day and 75 milligrams per day 
of vitamin C is recommended for this same group.52 Based on reported intake, the 
intervention group met these recommendation at baseline for vegetable, 
macronutrient and vitamin C consumption which left less opportunity to make 
significant changes, according to recommendations. 
 
Study Strengths and Limitations 
The present study’s strengths and limitations should be considered when 
interpreting the findings. One strength of this secondary analysis is that a validated 
measure of the HFE was used by trained research staff to obtain participant home 
availability data instead of relying on self-reported data. Although this inventory 
tool was validated for use by individuals living within the household, we believe that 
by training research staff to correctly identify foods such as sugar-sweetened 
beverages and objectively assess availability, we may have decreased potential for 
error due to misreporting by study participants. Another strength of this study is 
that it was an analysis of a randomized controlled study which is a study design that 
provides strong empirical evidence for program efficacy due to the comparison of 
effects with a control group and use of randomization to reduce bias and minimize 
confounding variables.112 Lastly, up to this point, there have not been any studies 
that have assessed change in the home food availability as a result of a randomized 
controlled physical activity and dietary behavior intervention program for families.  
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This study has several limitations worth noting.  One limitation is that the 
modified HFI tool used to assess the HFE only accounts for the variety of foods 
assessed and lacks information regarding the quantity of these foods. Although 
quantity would provide more information about the HFE, it is possible that a 
thorough assessment of quantity could increase participant burden and study costs 
due to more extensive handling of the household food items and greater researcher 
time needed. Because variety of healthful foods was emphasized in the AFL3 
program, only change in food availability, regardless of quantity, was assessed for 
the purposes of this study. Additionally, although we accounted for the number of 
days since the last food shopping trip and household size, there still could have been 
other factors that may have affected what was available in the home that was not 
accounted for, such as pantry size. Social desirability may be another limitation in 
the intervention group, as the participants may have felt more of an attachment to 
the research staff and desire to demonstrate improvement in availability following 
the program. To minimize this possible limitation, home visits were scheduled to 
take place promptly after commencement of the intervention program which helped 
decrease the amount of time a participant would have to modify their HFE before 
the home visit. Additionally, because we only assessed home food availability in the 
kitchen and pantry area, it is possible that we may have missed food items not 
stored in these areas. In future studies, it may be of benefit to ask the participants if 
there are any other areas within the home that food is stored and what foods they 
keep in these locations. These foods may not be seen as frequently or be as easily 
accessible in the kitchen and refrigerator space so they may not be eaten as often, 
but because they are present within the home, it would be important to include 
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these foods in the assessment. These may be the foods that are most coveted by the 
participants (often high-sugar and high-fat foods) which may provide an additional 
opportunity to suggest and elicit change by offering alternative suggestions and 
encouraging improvement of these spaces to prevent poor eating behavior. Another 
limitation of this study is the possibility of language barriers, as individuals were 
recruited from the South Phoenix area which is primarily Spanish-speaking. In 
order to minimize this limitation, AFL3 provided language-appropriate materials 
and trained, bilingual researchers to administer surveys, collect data and implement 
the nutrition lessons for this Spanish-speaking population. 
The small sample size, consisting of 26 households for the HFI and 21 adults 
for intake analysis could have contributed to the lack of significant findings in this 
study. Furthermore, collection of dietary data (three-day food records) used to assess 
behavior change related to the HFE relies on self-report which is a major limitation. 
Self-reported dietary data is subject to frequent over- and underreporting as well as 
social desirability which may have affected intake data. Lack of knowledge 
regarding food labels and portion sizes may have affected the accuracy of the data 
collected from the food records as well as the possibility of incomplete records due to 
lack of motivation or perceived ability. To mitigate this limitation, participants were 
instructed on how to fill out their food records with precise detail. In addition, 
incentives were offered upon returning their completed form. The intervention 
program included lessons to teach participants how to estimate portion sizes and 
properly read and understand nutrition labels. However, this may have resulted in 
more accurate data reports at the end of the program and better data for 
intervention than wait-list control participants. It is also important to note that the 
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three-day food record may not have coincided with the collection of data from the 
HFE. Participants were instructed to fill out their three-day food records one week 
immediately before and after the intervention program. The timing of the HFI was 
similar, but because it took time and availability from research staff to visit each 
participant home, intake data may not have been a direct reflection of the HFI. It is 
possible that even with efforts to minimize error by using an objective measure of 
the HFE, the results of the HFE and dietary intake may not be a totally accurate 
measure of the intervention program efficacy. There may have been family members 
in the household who did not attend the intervention program and did not wish to 
comply with the changes being made by the intervention participants. This 
“sabotage effect” may have skewed the results of the home food inventory, if these 
individuals still chose to keep sugar-sweetened foods or beverages in the home. 
Additionally, the possibility exists that unfavorable foods measured at baseline were 
still on the pantry shelves at follow-up, even if they were no longer being purchased 
by the household. Foods such as sugary cereals, cookies, soda and other sugar-
sweetened non-perishable foods can last months and if participants felt like they 
could not waste these foods by simply throwing them out, they may have still been 
present in the home at the end of the intervention (3 months), although not because 
of a recent purchase. Lastly, assessing the dietary intake of only foods eaten at home 
(as opposed to work or restaurants) may have been a more accurate depiction of the 
relationship between home food availability and consumption of these foods. 
 Generally healthy participants were recruited for the study and included a 
parent and child pair. The target age for the child was between 6 and 11 years old 
which may affect the ability to generalize these results to childless homes or to 
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households with children outside of this age range. Pregnant women and individuals 
with serious health conditions that would affect their ability to exercise safely were 
also excluded from this study. In addition, this study was only conducted in Phoenix, 
Arizona and results may only be generalized to Phoenicians and immediate 
surrounding populations.  
 
Summary and Future Implications 
Results from this secondary data analysis suggest that the AFL3 dietary 
intervention program was effective in eliciting change in availability of vegetables 
and WIC-approved cereals within the HFE of intervention participants. There were 
no other significant findings related to availability of foods or intake as a result of 
changes in availability.  
As mentioned, there have not been many previous investigations on the 
efficacy of family-focused intervention programs aimed to improve dietary habits 
through changes in the home food environment related to fruit, vegetable, sugar-
sweetened beverage and food and WIC-approved breakfast cereal. Our study 
provides evidence that intervention programs targeting families to improve the food 
environment at a household level can lead to successful changes, in some areas. 
Future studies may focus on identifying additional changes to the home food 
environment. The AFL3 program mainly focused on availability and accessibility of 
foods but something like easily accessible recipe ideas and tools (with instruction) for 
cooking healthy foods may also be beneficial. As mentioned previously, the number 
of participants is also key to identifying statistically significant findings as a result 
of the intervention program. We demonstrated that the modified version of the HFI25 
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was an effective and well-received method of assessment for participant homes, and 
future studies would benefit from utilizing this method. Additionally, proctor-
administered dietary intake logs may help participants clarify foods and could result 
in a more complete record of participant consumption in order to more accurately 
assess efficacy of a dietary intervention program. As mentioned in the limitations 
section, assessing dietary data by location eaten may improve accuracy related to 
intake of foods as a result of home food availability. 
An additional component that future studies may want to incorporate into 
their intervention program would be focusing on improving the community 
environment in order to provide access and means to changing home food 
availability. This may include working with other organizations in order to provide 
affordable farmers markets or fresh produce stands in close proximity to the 
intervention program. Additionally, population-specific barriers should be assessed 
and addressed in order to make improvements in participant homes more 
attainable. If cost is a barrier, for instance, education about produce seasonality and 
low cost options may be beneficial. Focusing on the actual use and consumption of 
the fruits and vegetables may also be a more effective methods of encouraging 
improved intake, as modifications based on current food preferences may be more 
effective than simply suggesting increased intake based on dietary 
recommendations. Increased frequency of group cooking to broaden ideas for use of 
produce in foods and acceptability of these meals is also recommended. Lastly, an 
intervention program that not only invites entire families to participate, but that 
offers programs at times that accommodate whole families (multiple weekend 
  86 
sessions) may help mitigate lack of improvement in the home food environment due 
to the sabotage effect by family members not participating in the program.  




Improvements in physical activity and dietary behavior are recommended to 
decrease rates of obesity and risks of chronic diseases which has become an 
increasingly important health concern, across the U.S. This secondary data analysis 
assessed the efficacy of a 12-week community-based family-focused nutrition and 
physical activity intervention program on improving the HFE in a sampling of South 
Phoenix households. 
Most of our hypotheses were not withheld following the analysis of our home 
food availability data. Our results failed to support the hypothesis that participants 
in the AFL3 intervention program would have a greater increase in the variety of 
fruits and vegetables in the home, relative to the wait-list control group. Although 
we observed a greater increase in vegetable availability for individuals participating 
in AFL3, no significant findings related to fruit availability emerged. We also 
hypothesized that AFL3 participants would have less variety of sugar-sweetened 
beverages and deserts in their home than the wait-list control group, following the 
intervention program. No significant changes were observed in the intervention 
group related to sugar-sweetened beverages or desserts. Additionally, we proposed 
that intervention participants would have a greater decrease in variety of non WIC-
approved breakfast cereals in the home than the wait-list control participants. There 
were no significant changes observed related to non WIC-approved breakfast cereals 
although intervention participants had an increase in WIC-approved cereal 
availability. Lastly, as an exploratory hypothesis, we proposed that changes in the 
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HFE would be related to improved dietary behavior in the AFL3 adult participants. 
This hypothesis was also rejected, as no significant associations between home food 
availability and adult intake emerged after analysis. It is possible that researcher-
administered dietary recalls may elicit better participation and more accurate intake 
data, as this further reduction in participants may have attributed to the lack of 
significant results. The small sample size used for this secondary data analysis of 
home food availability may have contributed to the lack of significant findings but 
this is preliminary research that took place as part of a four-year project and may 
yield more favorable results after the conclusion of the program.  
The findings from this study provide evidence for a curriculum that can be 
delivered in community settings that improve aspects of the HFE, which has been 
shown to influence eating habits of household members, especially children. Efforts 
to improve this environment are essential in providing an opportunity to change 
consumption behavior and build healthier habits within the household. This 
research adds to existing evidence for components of intervention studies that can 
effectively change behavior at a family level. Additionally, our study provides 
findings that offer an alternative method for assessing efficacy in dietary 
intervention programs. Future studies could build upon this work and include a 
greater number of participants from a wider range of socioeconomic backgrounds, 
ethnicities and geographical areas in a similar study design to show greater 
statistical significance and ability to generalize changes in the HFE to a larger 
population. 
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